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OBITUARY 


ACADEMICIAN VLADIMIR MIKHAILOVICH RODIONOV 


The death occurred on February 7, 1954, of Academician Viadimir Mikhailovich Rodionov, dee eminent 
chemist, great ‘technologist, and teacher, one of. the founders of our synthetic dye industry and of the industry | 
concerned with the préparation of alkaloids and pharmaceuticals. 


V.M. Rodionov was born in Moscow on October 16 (28, New Style), 1878; he was educated in Moscow, 
graduating from the Moscow Technical High School, 


His scientific activities have been characterized by the profundity of the investigations that he and his 
numerous students have carried out and by the wideness and variety of his scientific interests. He has published 
more than 150 scientific papers and Has received more than 15 Author's Cerificates for i:.ventions; he has trans- 
lated and edited about twenty impartamt books and monographs on various branches of chemistry. He has dis- 
covered and developed new methods for the alkylation of organic compounds that are widely applied in the phar- 
maceutics and dye industries, and he proposed an origina] method for the preparation of diazophenolsulfonic acids, 
which are of great importance in the preparation of high-quality dyes. He has discovered also, methods, remark-— 
able for their simplicity, fer the symhesis of B-amino acids, which are of very great importance in biology. Of 
no less importance are the methods developed by Rodionov for the conversion of 8 -amino acids and their deriva- - 
tives into various types‘of heterocyclic compounds, which are widely used for the symhesis. of medicinals, vita- 
mins, and antibiotics. 


In the course of his long career as a teacher, Rodionov trained hundreds of talented technologists and inves- 
Ligators, including many who are now occupying responsible posts in industry, in the higher-teaching establishments, 
and in the research institutes; some of his students have already established their own schools of investigation and 


have opened up new fields of work. More than thiry of his students are doctors of science, and more than seventy 
are candidates of science. 


In addition to his scientific and teaching activities, Rodionov did much organizational wark: he.occupied 
a number of responsib!e positions in industry, and in the later years of his life he was president of the Technical 
Council of the Ministry of Chemical Industry, 


V. M. Roagionov was a very significant figure in Soviet chemical citcles. For many years he occupied re- 


sponsible positions in the D. L. Mendeleev All-Union Chemical $ebfery,. and ia his lgter years he was president 
of this society. 


In 1939 he was elected a corresponding member of the USSR Academy of Sciences, and in. 1943 he became 
an academician, 


The Soviet government greatly appreciated Rodionov's services to his Fatherland, and he was awarded three 


Stalin prizes, the Order of Lenin, two Orders of the Red Banner of Labor, and a medal “For Valiant Work in the 
Great Patriotic War, 1941-1945". 


In the loss of V. M. Rodionov, Soviet science has suffered a great blow. Scientists, industrial workers, and 
students will long retain vivid memories of Vladimir Mikhailovich Rodionov, as a great scientist, fervent patriot, 
and remarkable man. 

Presidium of the USSR Academy of Sciences; Division of Chemical Sciences of the USSR Academy of Sciences; 


Ministry of Culture of the USSR; Ministry of Chemical Induswy of the USSR; Ministry of Health of the USSR; D. 1. 
Mendeleev All-Union Chemical Society. 
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REACTIONS OF PHENOL WITH PHOSPHORUS 


1. Voelfkovich, K. Kuskov,. and K. F. Koroteeva 


As is well known, white and red phosphorus react with water at high temperature and under pressure, and : 
various compounds are produced according to the conditions under which the reaction is carried out. When water 
vapor reacts with heated phosphorus, phosphorous acid and phosphine are formed [1], and when phosphorus and © 
water react under pressure, phosphoric acid and. hydrogen are formed [2}, together with smaller amounts of other 
products, With aqueous solutions of caustic alkali, white phosphorus gives mainly hypophosphites and ee. 
and the same reaction occurs with red phosphorus at 130-170° under pressure, 


In 1906 Berthand [3] showed thar the action of methanol] and of ethanol on phosphorus is analogous to chet 
of water: in a sealed tube at 250° or higher, alkylphosphonic and alkylphosphonous acids, alkylphosphines, phos- 
phonium salts, and inorganic phosphorus compounds are formed. In 1907 Send+rens [4] found that in presence of 
red phosphorus intramolecular dehydration of ethanol occurs, We.have repeated Kerthaud’s reaction of phosphorus 
with ethano] mm an autoclave at 240-250° under 100 atm, and have obtained a mixture of phosphorus<ontaining 
products, including products of b.p, 110-220°, the structures of which have not been established. The gaseous reac- 
tion products included ethylene, formed evidently by Senderens’ reaction. The total yielé of phosphorus~<ontain- 
ing products was very small. When the reaction temperature was raised, decomposition products were obtained in 
appreciable amounts, A comparison of results described in the literature with our observations suggests thar first 
of all dehydration of the alcohol occurs. The water formed by this reaction then reacts with phosphorus, and the 
molecules, ion, or radicals forrned react with the alcohol, yielding various organic and inorganic phosphorus.com- 
pounds, It is thus considered that the formation of these phosphorus compounds is the result of secondary reactions, 


In the present investigation, we have studied the reaction of phosphorus with phenol, i.e., with an alcohol 
that is unable to undergo intramclecular dehydration. It was found that phenol does not react with red phosphorus, 
even at 300° in an autoclave. When a mixture of phenol, phosphoius, and a small amount of water is heated in 
an autoclave, a reaction sets in already at 200°: the pressure begins to rise rapidly and, irrespective of tempera- 
ture and ratio of reactants, it attains 40-150 atm. From the pzoducts of this reaction, 21.art from unchanged phe- 
ro) and the usual reaction products obtained from phosphorus and water (phosphoric and phosphorous acids, hydro- 
gen, and phosphine), we have isolated pheny]phosphine, diphenylphosphine, wipheny] phosphate, and also a water- 
soluble phosphorus-containing compound, which was considered to be phenylphosphonic acid, althoug! it was not 
found possible to isolate this substance in an analytically pure state. : 


When phosphorus reacts with a mixture of phenol and sodium or potassium phenoxide in absence ot water, 
reaction proceeds at 270°, and the pressure attains 56 atm. The main reaction product is diphenyl ether, and only 
qualitative indications of the presence of phosphorus-containing compounds were obtained. Reaction between phe- 
nol and phenoxide evidently occ urs (intermolecular dehydration of phenol in presence of phenoxide as catalyst). 
The formation of traces of phosphorus compounds is evidently due to the action of phosphorus on water formed in 
the intermolecular condensation, When water 1s added, the reaction occurs even at 150°, and from the reaction 
mixture, apart from inoiganic phosphorus compounds and unchanged phenol, phenylphosphine, triphenyl phosphate, 
and phenylphosphonic acid (contaminated with phosphates) may be isolated. Thus, when phosphorus reacts with 
phenol and a phenoxide in presence of water, a dismutation reaction occurs, probably by a chain mechanism anal- 
ogous to that found in the reaction of phosphorus with water and aqueous solutions of alkalis; but, instead of inor- 


ganic phosphorus acids and phosphine, their phenylated aralogs are obtained. Instead of phosphoric acid, therefore, 


JIriphenyl phosphate should be obtained, instead of phosphine — phenylphosphire, and finally, instead of phosphor- 
ous acid (or phosphites, such as HPO({ONa),) phenylphosphonic acid or disodium phenylphosphonate might be .ex- 
pected to be formec. These organic substances were in fact obtained in our experiments. 


In accordance with the above, the formation of the organophosphorus compounds may be described in terms 
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Reaction of Phenol with Phosphorus in Presence of Water 


ing poim at atrrospheric pressure was 150-160°, which comesponds to phenylphosphine, 


of classical een Agia by means of the following equations: 


2P + 2H,O + —> 2(C + 
2P + + CgigONa —> PH, + NaHPO;; 
2P + 2H,O + C,HONa PH, + PO(OH)(ONa); 

2P + + ACH ONa —> PH, + CH PO(ONA),. 


The process is, ‘however, ‘considerably more complicated, and these equations indicate only the result of the reac- 
tion, ami not its mechanism. It may be noted that at above 250° red phosphorus was converted into black, whereas 
at below 250° partial transformation imo white occured, 


EXPERIMENTAL 


A carefully blended mixture of 23,5 g (0.25 mole) of phenol, 6.8 g (0.22 mole) of red phosphorus, and 4.5 
ml (0.25 mole) of water was introduced into a vertical 50-m] autoclave, and wzs heated at 250-265° under a pres- 
sure of 110 atm for 4 hours 30 minutes. The autoclave was set aside for twelve hours to cool, and the pressure was 
then 20 atm. Analysis showed that the gaseous products contained 29.5% of hydrogen. The mixture was diluted” 
with water, and unchanged red phosphorus was filtered off, washed with ether, and vacuum-drie¢ (5 g). The aque- 
ous filtrate and ether washings were heatec in a bath to remove ether, and the residue was extracted three times 
with 50-ml portiens of benzene. The benzene extract was dried with magnesium sulfate, the benzene was driven 
off, and the residue was vacuum <distilied at 3mm. Fractions boiling ai 87-96° and 170° were collected. The 


Analysis (Marie*s method) 


Found %: P 27.63; 27.67 
Czlcuiated %: P 28,18 


The second fraction was 1 g (0.062 mole) of dipheny)phosphine, b.p. 272° at atmospheric pressure, 


Found %: P 15.92; 15.84 
CyliyP. Calculated: P 16,6 


Phenol was removed from the aqueous portion by s:eam distillation, and che residue was evaporeted down. 
The solid residue was dried on a water bath and then in a vacuum desiccator over phosphoric oxide, The product 


was 47 of a yellowish hygroscopic crystalline substance containing 16% P (Marie's method). Calculation for phen- 


yiphosphonic acid (CgHwPOs) gives 19.6% P, The product contained carbon and hydrogen and gave the typical 
copper, iron, and barium salts of phenylphosphonic acid. : 


In another experiment in which half the amount of water was used (2.25 ml, i.e., 0.12 mole) (200°, 50 atm, 


16 hours), an analogous reatmem yielded diphenylphorphine and a mixture of phosphorous acids, as in the preced- 


ing experiment. 


Reaction of Sodium Phenoxide with Phospkorus 


3) In Presence of Water. A carefully blended mixture ef 8.2 g (0.26 mole) of red phosphorus, 23.2 g (0.2 
mole) ef drv sodium phenoxide, and 3.6 g (0.2 mole) of water was introduced into the autoclave. The tempera- 
ture was raised gradually to 250° over a period of four hours, when the pressure had attained 47 atm. This tem- 
perature was maintained for three hours, and the autoclave was allowed to cool over twelve hours, when the pres- 
sure became 30 atm; the gas present consisted of hydrogen and phosphine, 


Tue gaseous products were released through a needle valve, and the mixture was extracted from the auto- 
clave with 200 ml of hot water. The mixture was neutralized with hydrochloric acid, and unchanged phosphorus 
was filtered off under suction, washed with ether to remove organic substances, and dried. The phosphorus so ob- 

tained (4 g) was violet in color, The aqueous extract and ether washings were united and heated in a bath to 
remove ether. The oily layer that formed was extracted with benzene, and the extract was dried with magnes- 
ium suifcre and distilled, After removal of benzene and unchanged phenol, 0.7 g (0.0064 mole) of a colorless 
heavy ou having a characteristic phosphine odor came cver under reduced pressure, b.p, 80-90°(3 mm); its boil- 


first fraction was 2.8 g (0.025 mele) of phenylphosphine, which was redistilled under atmospheric pressure (b.p. 160°). 


— 


. Phenol was steam-distilled from the aqueous ‘ayer, and the residue was evaporated until crystals appeared, 
The common sa)t was fidtered off, and the residue was again evaporated until crystals appeared. The mixture. 
was cooled, and the precipitate was filtered off and recrystailized from water, yielding 1 g of an organic sub- 
stance that gave qualitative reaciions for sodium phenylphosphonate: piecipitates with copper sulfate (blue), fer- 
ric chloride (dark brown), and barium and calcium chlorides (white), When it was heated with zinc dust, there was 
a characteristic phosphine odor, Analysis for phosphorus, however, gave a value higher than that calculated; 


Petes Found %: P 17.05; 17.01 
Calculated %: P 15.2 


The sodium pheny phosphonate obtained was apparently Contaminated with sodium phosphate. The remaining 


filrrate was evaporated unti} filtration then yielded 1,4 g of disodium 
: gen phosphate, 


When the amount of water taken was doubled (7.2 ml, Le., 0.4 mole) (150° for § aha 225° for 4 hours, 260° 
for 4 hours, and a maximum pressure of 60-90 atm), only traces of phosphines were obtained after a similar weat- 
ment, but distillation cf.the benzene ertract vicided 1-2 g of triphenyl rhosphate, b.p, 215° (4 mm) (colorless 
crystals, m.p. 48,5°). The lierarwe gives m.p. 49-F0°, 5.p. 245° (11 mm). 


-CyHyOsP. Calculzted P 9.50 


Hydrolysis of the product at the boil with 10p caustic soda solution for two hours gzve phenol (positive reaction 
with bromine water and ferric chloride) and sedium phosphate (positive reaction with ammoniutn molybdate), In 
each of these experiments we obtained from the aqueous leye: a phospi.orus-ccntaining organic substance, appasent- 
ly impure phenylphosphonio acid, and about 5 g of a mixture of sodium phosphate and sodium phosphite, . 


b) In Absence of Water, A mixture of 13,5 g (0.C9 mole) of sccium phenoxide, 17 g (0.18 mole) of phenol, 
and 3.96 g (0.12 mole) of rec phosphorus was heated for two hows at 200° in an autoclave. The pressure attained 
52 atm. Th« autoclave was heated further far one how ai 270°, ami the pressure attained 56 atm. When the auto- 
clave had cooled, the residual presswe was SO atm. The geseous products Conzained phosphine. The reaction mix- 
ture was treated as described above. Distillat.on of the benzene extrac: yielded 3g of a substance of b.p. 160°(3 
mm), and fractionation of this at atmospheric pressure yielded 2.3 g of a substance of b.p. 258°; qualitative tests 
indicated only carbon and hyarogen. The product corresponded in appearance, analysis, and boiling point to di- 


4 pheny! ether. 
Found %: 83.8; H 6.35 = 
CyH yp. Calculated %: C 84.4; H 5,9 
i. The investigation has thus shown that it is possible to obtain aromatic organophospliorus compounds by the 
f direct action of phewol or of a phenoxide on elementary phosphors. 
SUMMARY 
4s 4 1, When phenol, or a mixture cf pherol and sodium phenoxide, is heated with red phosphorus under pres- 
z : sure and in presence of water, a mixture ui phosphorus-containing organic compeunds is obtained; it contains phen- 
yiphesphine, diphenylphosphine, and wipheny] phosphate. 
, 2. When a mixture of phenol, sodium phenoxide, and red phesphorus is heated under presswe in absence of 
oe water, diphenyl ether and traces of organcphosphorus compounds of unknown structure are obtained. 
% 3. In absence of water, phenol does not react with red phosphorus, either at atmospheric pressure, or at : Poa 
elevated pressures. 
P 4. A hypothesis is advanced conceming the nature of the reaction of phosphorus with phenol under the ex- 
x perimental conditions used. 
Received June 28, 1953, 
ber [1] D. L Mendeleev, Fundamentals of Chemistry, State Chem. Press, 1947, p. 484; E. V. Britske and'N, E, wee 
e Pestov, Thermal Preparation of Phosphoric Acid and Concentrated Phengheoes, Traus. Fertilizer Research Inst., No, 
: 59, 1929, 
(2] V. L Ipatyev and V. 1, Nikolaev, Ber., 61, 630(1928);V. I. Ipatyev, A. A, Vvedensky, and A, V. Frost, ‘ 
J. Gen, Chem., 632 (1931), 
(3) J. Berthaud, Comptes rend., 143, 1166 (1906). 
Ve, {4} J. B. Senderens, Bull., [4] 1, 687 (1907). 
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COMPOUND OF HYDROGEN SULFIDE WITH PHENYLNYDRAZINE 


B. A. Nikitin” and M..F. Pushlenkov 


Compounds of imert gases with pheno! and with toluene were first prepared by Nikitin [1] by the method of. 
isomerphos coprecipitation. The compounds with pheno! have the formula A -C,H,OH, and those formed with tolu- 
ene have the formula A - 2CHgCHy, wheie A denotes an inert-gas atom. Later, a compound of radon and p-chioro- 
pheno] was obtained [2] and this had the formula Rn- 3C)IC HOH. These benzene derivatives form similar com- 
pounds with volatile hydrides, in pasticular, H,S, 


Teres and Vol!mer [3] studied the melting point diagram of the phenol—hydiogen sulfide system, which indi- 
cated the presence of 4 molecular compound between hydrogen sulfide and phenol of the type Hs *2C HOH. By 


_means of a specially developed technique, we determined the melting point diagram of this system with greater 


accuracy [4] and we showed that the compound formed between phenol and H,S has the formula H,S+ 3C,H,OH, | 
ln investigations by Nikitin [ 5, 6, 7) it has-been shown the most stable molecular compounds of the inert gases and 
their anglogs, the votatile hydrides, are those formed with phenol. 


We have now made a study of a benzene derivative, phenylhydrazine, with the object of preparing its com- - 
pound with bydrogen sulfide. According to the literature [8], the compound of phenylhydrazine with hydrogen sul- 
fide has the formula HS-Cgi,NH~- NH». Howeve:, the experimental procedure employed in this work [8} is open 
to some doubt, and so also, thereforc. is the formula advanced for the compound, Although there was every indi- 
cation that the compound was able to dissociate, the authors of this paper took no particular precautions and analy- 
zed the compond obtained by -he usual chemical method, a procedure ihat quite often leads to erroneous conclu- 
sions in such Cases, 


EXPERIMENTAL 


The formation of the compound of phzunyliiydrazine with hydrogen sulfide was -:udied by the therma!-analysis 
method, ihe peeccdire being that already employed for analogous systems [4]. Since the system cozxtains a volatile 
compon2m, it was first neccssary to obtain the temperature-pressure diagram (t-p) in order to permit a correction for 
the H, remaining in the gas phase to be made (in the calculation of the molecular ratio of components), when 
plotting the melting point diagram. The phenylhydrazine used: in these investigations melted 2. 19,1+0.1°; the . 
hydrogen sulfide melred at —85_0 + 0.3°, 


A weighed sample of phenylhydrazine was introduced into a glass ampoule, 1.0-1.5 ml »2 volume, which was 
then sealed to a mercury-in-glass monometer reading up to 8 atm (the other limb of the ma «meter was closed). 
Air was pumped from the apparatus via a side tube, the ampoule was cooled with liquid air and H,S was admitted 
from a buret graduated accurate within 0.1 ml. The side tube was then sealed off, so that “ae apparatus was her- 
metically closed (a small electromagnetic stirrer was introduced into the ampoule before 1 was sealed off), In’ 


order to establish the equilibrium pressure in the ampoule, this was kept for a long time «1 a definite temperature in . 


a cryostat or thermostat that permitted direct observation to be made. During this time ine liquid was vigorously 


- and continuously stirred wish the electromagnetic stirrer, When the equilibrium pressure was established in the 


vessel, it was recorded as the value for that particular temperature.** 


The curve APH shows the variation of presrure with temperature for the equilibrium of three. phases: solid 
phenlhydrazine, the liquid phase, and gaseous H,S. The curve PMC corresponds to the case in which gaseous hydro- 
gen sulfide, melt, and solid compound are in equilibrium. ‘:*:¢ curve DBP corresponds to the variatica of the disso- 
ciation pressure of the solid compound (dissociating into solid yhenylhydrazine and gaseous hydrogen sulfide); the 
section BP was determined experimentally, and the section DB was calculated (see below). 


We give for cumparison the curve EC, which shows the variation of the vapor pressure of H,S over the liquefied 
gas with temperature, The section PH on the diagram corresponds to a metastable condition of three phases: solid 
phenylhydrazine, a solution of phenylhydrazine saturated with hydrogen sulfide, and gaseous H,S. The intersection 
P (1.5°) of the curves APH and PMC corresponds to the upper eutectic point, at which four phases are in equilibrium: 


* Deceased 


** The results are listed in Table 1 and presented graphically in Fig. 1. The first 22 readings given in Table 1 
correspond to the curye APH in Fig. 1, and the remaining readings correspond to PMC. 
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TABLE 1 


Temp Pressure Temp. Pressure Temp. Pressure Temp. Pressue , : 
19, 0.00 0.0 3.91 ;714.0 5.48 “0.36 
18.¢ 0.27 3.96 720.0 4.93 80.0] 0.27 
—-3.0 4.08 °-240 4.45 81.0! 0.24 
17.0 0.71 4.16 ‘-26.0 4.12 84.0! 0.22. 
15.0 1.67 12 4.18 3.62 86.0; 0.19 
14.0 1.87 O68 4.45 .-32.0. 3.3% 87.0. 0,18 
13.0 2.07 0.5 5.02 —34.0 3,12 .-88.0' 0.18 
12.0 2.20 1 96.2 §.20 2.70 0,17 
11.0 2.38 1-10 5.70 2.45 0.16 | 
10.0 2.7% | 5.9 2,12 
90 2.92 5.92 
8.0 3.05 - —4,0 5:96 1.60 
7.6 3.20 6,00 1.32: 
6.0 3.30 -6.0 6.00 ,-58.0 1,09 
5.0 3,49 -7.0 5.98 0.82 
4.0 3.60 —9.0 66.0 0.65 
3,0 3,78 7-110 5.80 0,52 


pet 
2.0 3.86 ,724-0 - 5.62 , 774.0 0.40 
‘ Fig: 1 


solid phenylhydrazine, solid compound, melt, and gaseous H,S. The poim C on the t—p diagram corresponds to the 
lower eutectic point of the compound and solid HS (~87.5°}. Thus, in the area DBPA we have solid phenylhydra- 
Zuic anu gaseous HS, and the aze2 DBPMC corresponds te the simultaneous existence of solid compound and gaseous 
HS. It can be seen from this diagram that a ceimpound is formed in this system having a maximum melting point 
of 1.5° at a maxi:num pressure 6f 6.0 atm. : 


' In order to determine the dissociation pressure of the com- 
pan pound, a 6-8-g sample of phenyihydiazine was taken, cooled to 
1960 —15.0°, ground to a powder without access of aimospheric mois- 
fal ry Fracvalioa ture, and introduced into a 6-8-ml ampoule. The ampoule was 
, immersed in liquid air and sealed to a giaduated manometer, 
The vesse] was then immersed in a cryostat, and hydrogen sul- 
fide was passed into it, The vessel was held for periods at 
various temperatures until the first crystals of the compound 
appeared, after which the reaction went fairly quickly. When 
each fresh portion of hydrogen sulfide was admitted, the pres- 
sure rose, and then fell to a value that was definite and con- 
stam at the given temperature. It was found that, by coifrinual 
admittance of fresh portions of hydrogen sulfide, the whole of 
the rhienylhydrazine could be caused to react. When a sufficient 
2mount of the compound had been formed and equilibrium pres- 
sure had Seen established, HS could be removed from the gas 
phase. The pressure in the vessel would then fall, and then, 
owing to the dissociation of the compound, it would rise to the 
100 200 300 400 S00 800 700 800 ecuilibrium value, and this process could be repeated until the 
mia whole of the compound had been decomposed into phenylhydra - 
zine and hydrogen sulfide. By way of example the course of 
Fig. 2 e the 2ttrinment of the equilibrium dissociaticn pressure following 
; successive admittances and removals of H,S is shown in Fig. 2 
for experiments at — 10° and —20°. In this way the dissociation 


pressure of the compound was determined at various temperatures; 
is . the results are given in Table 2, . 
On the basis of the results given in Table 2 (for temperatures from +1.4° to —50°),.an empiical equarion (Equa- 


tion 1) was derived for the dependence cf dissociation pressure on temperature; it permits the calculation of the 


| 
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of the dissociation pressure accurate within +3. 


log == +B, 


in which p is the pressure (mm Hig), T is rhe absolute temperature, and A and B are constants, which are determined 
graphically. 


The experimental] determina- 
TABLE 2 : we tion of the dissociation pressure of 
the compound at below -50* was 
practically impossible, because equi- 
librium is established very slow], at 


Dissociation 
pressure 
(mm Hg) 


Temp. pressure was, therefore, calculated 


from Equation 1, The dissociation. 
pressure results are shown on the t—p 
diagram by the curve PBD, the section BD of which was calculated by Equation i. Having determined the dissociation 
pressure of the compound at various temperatures below the eutectic poim,~it was possible to calculate the formation 
temperature of the area eee: by Clapeyron's equation, which may be transformed into the form 

1 


. 


0.6 | -i0 | | —70 -90 


in which p is the dissociation pressure (mm Hg), Q is the heat of formation of the cempoynd (cal/mole), T is the abse- | 


lute temperature, and R is the gas constant. ’ . 


We may find Q, therefore, by a comparison of Equations 1 and 2(Q = 2, 303RA), or graphically. The value of | 
Q found in this way was 8500 cal/mole. ° 


Much supercooling occurs in the phenylhydrazine—H,S 
‘system, and the determination of the melting point diagram by 
the temperature-ayest method is, therefore, nor possible. The 
liquidus line was determined visually by observing the tempera- 
ture at which the last crystal disappeare¢ when the liquid was 
being stirred continuously. The solidus line was determined at 
temperatures close to the eutectic points by the centrifugation — 
method developed previously {9}. 


The reaction vesse] was a glass ampoule, volume 1,0-1.5 
ml and having a ground joint at one end, A weighed amount of 
phenylhydrazine was introduced into the ampoule, and the electro- 
‘Magnetic stirer was dropped in. The air was pumped out of the 
ampoule, and the required amount of H,S was admitted by means 
of a tap attached at the ground joim. The H,S was condensed, 
and the ampoule was sealed off while at the temperature of 
liquid air. The ampoule was then held at various temperatures 
in order to make sure that no compound was presemt, In the 
determination of the liquidus curve, the contents of the ampoule 
were heated until they melted, and were then frozen with liquid 
air; the ampoule was then immersed in a thermostat or cryostat 
(depending on the melting point), The ampoule was warmed 
slowly while its contents were stirred vigorously, and the temperature at which the last crystal disappeared was noted. 


The results of the experiments on the determination of the liquidus line are given in Table 3, and the melting point 
diagram in Fig. 3 was constructed from these results, 


Fig. 3 


The liquidus line APCD consists of three curves: AP corre sponds to the crystallization of pure phenylhydrazine, 
PC to the crystallization of the compound, and CD to the crystallization of HyS. Two eutectic points were found on 
the liquidus curve: 1.4 +0.1° (33.3 mole of H,S) and —87.5 + 0.3° (99,8 mole H,S). 


The solidus line was determined on the sample used for the liquidus determination, or a new, similar sample 
was prepared. 


these temperatures, The dissociation | 
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TASLE 3 The contems of the ampoule 
Mole» "Lemp. of comple- Temp. of comple-_ were frozen, and were then placed 
1 19,2 i | It was then placed capillary down- 
2 : 4,80 — 12.4 2 3.50 +1.4 ward in a centrifuge bucket filled 
3 - _ 9,55 15,0 3° 9.00 | +1.4 with melting ice or chloroform 
4 14.56 127 3428; ‘(m.p. 63°), and was centrifuged 
5 19.46 9.2- 5 19.20 +14 for three minutes at 3000 r.p.m. 
6 26.20 5.8 | 6 | 26.10 | +14 The ampoule was then removed - 
7 29.70 3.8 7 * 29,70 +1.4 and examined for the presence w : 
8 31.23 . 3.0 9 31.20 | +14 absence of liquid phase in the 
9 32.17 2.4 u - 32.15 | +1.4 capillary. When liquid phase was 
10 32.590 2.0 10 32,70 | +1.4 present, the ampoule was immersed 
ee : 33,91 14 11 34.40 | “87.5 in the cryostat capillary downward; 
12 34,76 1.2 12 35.10 the liquid phase was then frozen and 
13 | 36.27 1.0 13 36.50 87.5 its melting point was determined. 
14 - 38,44 0.8 14 39.10 ; 87.5 - For systems poorer in hydrogen sul- 
15 43.48 +0.2 we 44.00 81.5 fide than the compound, liquid 
16 , 47.13 =—0.2 ae 54.80 -87.5 phase was absent after centrifuga- 
17 5421 - 64.40 | “87.5 tion at 0°; for systems richer in 
63.26 * 68,30 | hydrogen sulfide, liquid phase was 
ig 19 14,00 81.5 always to be observed, When li- 
20 7385 ‘20 8150 | quid. phase was absent, the ampoule 
21 816.8 21 94.40.; was immersed in melting dimethyl- 
90.20 - 96.10 —87.5 aniline, m.p. 2.04 and cen- 
23 $1.72 23 «99,00 ; trifuged while so immersed. After 
24 92.56 —31.0 : centrifugation, liquid phase was 
25 94.37 —-33.5 always to be observed in the capil- 
26 ; ; H j lary; this gave us reason to suppose 
27 97.68 :| “54.5 i } | that phenylhydrazine does not form 
28 ; $8.97 a solid solution wit, H,S. The am- 
29 $9.56 . 70.5 poule was then placed in a cryostat, 
30 | 99.64 75.5 ‘. the liquid in the capillary was fro- 
31 99,75 —85.5 | zen, and the melting of the contents 
32 99.78 87.5 ; of the capillary was observed; they 
33 99.88 d4lways melted at 1.4 +0,1° (for sam 
100,00 ples from No, 1 to No, 10), On the 


basis of these results the solidus line 
AP was constructed (Fig. 3); it passes 
between 0° and 2°, and corresponds 
to a temperature of 1.4+ 0.1°, 


In the experiments with ampoules No. 11 to No, 23, which were centrifuged at—63° (chloroform), the capillary 
always contained liquid phase, and this, when frozen, metted again at—87.5 + 0.3*°, which corresponds to the lower 
eutectic point on the melting point diagram. On the basis of these results, the solidus line bc, corresponding to this - 
temperature, was constructed on the meiting point diagram. nies 


After the experiment the amzoule was opened and its volume was determined. The volumes of the stirrer and 
of the liquid or solid phase were subtracted from this volume. The amount of hydrogen sulfide remaining in the gas 
phase was calculated from the t—p diagrarr snd this was subtracted from the amount taken for the experiment, Since 
the maximum pressure in the system did no: exceed 6.0 arm, the correction for the volume of the gas phase was 2.0- 
2.S% with respect to the amount taken for the experiment, On the solidus line at 0° no liquid phase was to be observed 
up te 32.7 mole—® H,S, and for 34.4 mole-% of H,S and higher, liquid phase was absent at temperatures below —87.5°. 


Although there is no clearly defined maximum on the liquid curve, the presence of a sharp drop in the solidus 
line fron, 14° to—-87.5° over a range of 1.7 mole-% of H,S proves that in the system 


C,HsNH * 
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a compound is formed between phenylhydrazine and H,S. The line PbF, along which the system consists of one com- 
ponem (the compound), may be produced through the point P to the axi axis of absciss# to the poim corsesponding with- . 
in experifmentai error to 33.3 mole~% of HS. The formula of the compound is therefore H,S - 2C 


Knowing that H,S is an analog of the inert gases, it might be expected that radon would be isomorphously co- 
precipitated with it, owing to the farmation of an analogous compound with phenylhydraziné, 1n order to put this to 
the test, we carried out a series of experiments ove: a wide temperature range (—10° to—70*), in which we studied - 
the action of a gaseous mixture of hydrogen sulfide and radon on solid phestyihydrazine. It was established that radon 
does not emer into the compound, even in experimenss in which 90% of the hydrogen sulfide taken reacts with phenyl- 
hydrazine with formation of H,S~ 2CgH,NH- 


In this case, therefore, H,S cannot be regarded as an analog of the inert gases. The compound obtained, 
HS - 2C,H,NH - NHy, canmt, therefore, be classed as a molecular eompound formed by Van der Waals forces; it is 
more probable that it is to be classed as an ammonium compound of the type (C,H;NH- — in which pheny Ihydra- 
zine plays the part of ammonia, 


“SUMMARY 


1, The melting poim diagram of the system C,H,NH * NH,—H;,S has been determined by the method of thermal 
analysis. No clealy defined maximum has been found in the system, The curve for the composition passes through 
4 transition point at which the maximum and eutectic paint coincide and corespond toa composition of 33.3 mole-% 
a HS at 1,4 + ‘0, is that required by the compound (CgHgNH * NHg)3S. 


2. ‘The I-p diagions hes been determined in the presence of three phases (solid, liquid, and gas), so that, when 
determining ‘the THe iting’ poim diagram, a correction could be introduced far the amount of volatile component re- 
maining in the gas Phase. 


3. The disociation pressure of the solid compound (dissociating into sclid eaiubeiin and gaseous HS) 
has been de *rmined. At 0° the dissociation pressure is 3,3 atm, thus indicating the low stability of this compound. 


The heat of formation of the compound from solid phenylhydrazine and gaseous HyS has been determined from 
dissociation pressure data, the value obtained being 8500 cal/maole. 


4, It has been shown that radon is not isomorphously coprecipitated with the anianis formed by phenyl- 
hydrazine with H,S and does not form an analogous compound with phenylhydrazine. _ The compound obtained, there- 
fore, cannot -be assigned to the class of molecular compounds, but must be regarded as an ammonium compound,i.e., . 
of the type(C,H,NH NH);S. 
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CONDITIONS FOR THE SEPARATION AND GRAVIMETRIC ae 


DETERMINATION OF SILICIC ACID 


COMMUNICATION 2, POLYMERIZATION OF SILICIC ACID 


‘E. N. Egorova 


- 


Investigation of the procedure used in the dehydration method of separating silicic acid from solution has _ 
shown that separation of the acid by two dehydration treatments is not complete, even when.optimum conditions 
are observed. The systematic discrepancies observed in parallel tests in the SiO, values found led to the supposition 
that the amount of silicic acid separated from solution depends not only on the dehydration conditions and the 
further treatment given to the precipitate, but also on the polymerization process to which the silicic acid has been 
subjected, prior to this treatment. If in the course of the evaporation of the acid solutions polymerization of silicic 
acid does not go to completion, then some of the silicic acid wili remaii: in tte form of simple nonpolymerized 
particles in the dry residue. During the further treatment of tne dry residue and the dissolution of sals, this portion 
of nonpolymerized, or only slightly pelymerized, silicic acid wil! again pass into solution! Rare : 


The question of the polymerization of silicic acid arises also in connectidn with the completeness of its . 
separation with the aid of coagulants in rapid methods of estimation. As would be expected, the completeness of 
the separation of silicic acid with the aid of coagulant depends on the extent to which the silicic acid passes into 
the colloidal state, Le., on the extent to which polymerization occurs. This idea is not new: already in 1940 Weiss 
and Sieger [1} concluded that it is essential to give a prior treatment of the silicic acid in solution with concentrated 
solutions of mineral acids, in order to ensure that its conversion into the colloida) condition is as compleve as possible 
before the coagulant is introduced. 


The questions of the extem to which the polymerization of silicic acid in aqueous solution proceeds and of 
its reversibility have remained obscure. The published work on the polymerization of silici¢ acid has been carried 
ow under conditions that do fot correspond to those employed in its analytical determination, and this work is, 
therefore, not altogether applicable to rhe elucidation of the behavior of silicic acid in the course of analysis. 
My!2ius and Groschuff [2] have investigated the polymerization of silicic acid in neutral solutions. 


These authors obtained solutions of silicic acid by neutralizing solutions of sodium disilicate (Na,Si,O,) with 
hydrochloric acid. The 2uthors point out that, when the disilicate solution is rapidly neutralized with an equal 
volume of hydrochloric acid ai 0°, the resulting neutal solution of silicic acid does not react with albumen; after 
long heating or standing, however, addition of albumen produces a turbidity. 


When the disilicate solution is neutralized gradually, with heating after each addition of a fresh portion of 
hycrochloric acid, the resulting neutral solution forms a precipitate with albumen, Since silicic acid solutions that 
do not react with albumen acquire the ability to react after standing for a few days, these authors concluded that in 
neutral solution silicic acid is more stable in the form of polymers. 'On the basis of their investigations the authors 
divided silicic acids differing in degree of polymerization into two conventional groups: a- and B-silicic acids. 


The concept of a -silicic acid introduced by these authors is a conventional] one having only relative signifi- 
cance, for it relates to silicic acids of varying degree of polymerization, but having molecules that have not amained 
a sufficiently large size to be precipitable by albumen. The authors use the term 6 -silicic acid for the more highly 
polymerized forms, which are precipitated by albumen, The authors gave no indication of the limit of polymeriza- 
tion (ie., degree of complexity) of a -silicic acid, but merely pointed put that the solutions that they obtained of . 
the least complex silicic acids underwent polymerization in the course of time, and the rate of this reaction was in- 
creased by heating the sclutions, Flemming [3] showed that the presence of small amounts of acids or alkalis ina 
silicic acid solution accelerates transition from true to colloidal solution. 


' Willstater, Kraut, and Lobinger [4] studied the polymerization of silicic acid in hydrochloric acid solutions . 
of pH 1-3,5. They prepared their silicic acid solution by the hydrolysis of silicon tecrachloride. Determination of 


the molecular weight of the silicic acid obtained by the cryoscopic method showed that it was present in the solu- 
tion as disilicic acid. : 
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When they neutralized the hydrochbric acid formed during the hydrolysis of dtden tetrachloride, the authors 
obtained silicic acid solutions, for which molecular weights corresponding to monosilicic acid were obtained, The 
: ay j stability regions were not identical for mono- and di-silicic acids: mionosilicic acid was found to be most stable. 
n solutions of pH 2-3, whereaé disilicic acid was most stable at lower pH values, i.e., 1-2. 


When solutions of the simplest acids are allowed to stand, their average molecular weight gradually rises and 
their diffusibility falls owing to the increase in the size and complexity of the molecules (formation of complex poly- 
mers). According.to these authors the mean molecular weight of the silicic acid that reacts with albumen is higher 
than that of heaasilicic acid, and they introduce the idea of oligosilicic acids, by which term they describe silicic 
‘acids that are more complex than disilicie acid, but are not sufficiently complex to react with albumen, The oligo- 
silicic acids are included in Myliius and Groschuff's a -silicic acid. 


The results of the various investigations that we have cited indicate that the polymerization of silicic acid is 
a process that requires time and that increase in the acidity and temperature of the solution leads to an increased 
rate of polymerization. This process has not been subjected to quantitative investigation, and the question of the 
cccurrence of kinetic equilibrium between the various forms of silicic acid remains obscure. There are some indica- 
tions in the hterature that such kinetic equilibrium may exist among the complex polymeric forms of silicic acid. 
Willst3ater, Kraut, and Lodinger[5] for ex>-mple, note that in silicic acid solutions, not only complex polymers may 
be present, but also more simple species. ._ The. occurrence of interconversion of one form into another ‘s imlicated by 
the work of Berestneva, Koretskaya, and Kargin [6], who investigated silicic acid sols by means of the «le~zion micro- 
scope. : 


The question of the reversibility of the polymerization of silicic 2cid is of fundamenta) importance for its 
analytical determination. A study of the conditions favoring displacement of the equilibrium between the silicic 
acid polymers is, therefore, essential in order that an objective appraisal may be made of os analytical pro- 
cedures for the determination of silicic acid. 


EXPERIMENTAL 


Aralytical and Experimental Procedure 


In our study of the polymerization of silicic acid we have carried out a series of experiments with the object _ 
of elucidating the effect of the nature and concentration of the mineral acid, of the presence of salts, and of the dura- 
tion of heating on the process. We have studied the course cf the polymerization under given conditions by means 

of quantitative determination of the different forms of silicic acid present in the solution, 


It is known that colloidal solutions of silicic acid do not react with molybdic acid with formation of the silico- 
molybdate complex. By the colorimetric method, therefore, we can determine only the part of the silicic acid that 
is present as simple molecules (or at a very early stage of polymerization), It is known also that colloidal silicic acid 
may be readily coagulated by the addition of coagulants and can then be separated from solution by simple filtration. 
Experiment has shown that the amount of silicic acid found colorimetrically in a suitably treated solution and the. 
amount separable by treatment with gelatin are not together equal to 100% of the total amount introduced into the 
solution. It follows, therefore, that a suitably treated solution contains not only molecules of simple structure that 
react with 1iclybdic acid and complex particles that are coagulated by gelatin, but also forms of intermediaie com-. 


plexity: not simple enough w react with molybdic acid, and not sufficiently complex in structure to be tacit 
by gelatin. 


We therefore, distinguish the following forms of silicic acid, which we classify accordiug to the complexity of 
their particles: 1) @-silicic acid.— various silicic acids in the early stage of the polymerization prucess, able to 
zéact with molybdie acid with formation of the silicomolybdate complex; 2) B -silicic acid —. silicic acids that no 
longer react with molybdic acid, but are not yet sufficiently highly polymerized to be coagulated by gelatin; 3) 

y “silicic acid — highly polymerized forms of silicic acids in which the particles are of colloidal dimensions or 
?pproach coloidal particles in complexity of structure (i.e., silicic acid sols). 


We can determine a@- and y -silicie acids directly, and the content of B -silicic acid may be determined from 


the difference between the amount of Sid, taken for the experiment and the sum of the values found for the a - and 
y ~acids. 


All three forms of silicic acid are given in the tables that follow. Comparing our classification with that pro- 
posee by Myllius and Groschuff, we see that these authors distinguish only two forms of silicic acids on the basis of © 
molecular complexity (a - and 8-forms). Myllius and Groschuff*s 8 -form corresponds to oury -form, and their a-form 
is separated in our classification into a- and £-forms, the reagent for the a-form eing molybdic acid. Wil!stzter, 


— 


Kraut, and Lobinger regard Myllius and Groschuff's a -silicic acid as consisting of mono-di-, and oligo-silicic acids, 
but they indicate no method for distinguishing experimentally between these forms. 


We have investigated the polymerization of silicic acid in hydrochloric acid, nitric acid, an¢ sulfuric acid s0-- 
lutions. The effect of the variation of the concentration of mineral acid was studied for acidities ranging from zere 
to 8N. Over the same acidity range the effect of the presence of sodium salts on the character and rate of polymeri- 
zation was investigated. The curation of heating was varied from 15 to 60 niinutes, 


All of the experiments described below ‘were carried out with a standard solution vf sodium silicate containing 
4 x 10% g of SiO, in 1 mi of solution. The standard solution was prepared from 1g of silica calcined to constant - 
weight at 1100* (the purity of the silica was tested by treatment with bydrofluoric and sulfuric acids: the amount 
not rendered volatile by this treatment was 0.1%, and this impurity was allowed for when weighing the sample). 
The sample of silica was fused with five times its weight of sodium carbonate, the melt was dissolved in water, and 
the volume cf solution was made up t© 250 ml, Colorimewic determination of silicic acid in this solution showed 
that it was all present in the a -form, For each experiment, 20 m1] of the standard solution was taken (80 mg of 
SiO,). The required amount of acid was then added, and the volume of thie solution was in all cases made up to 100 
ml with distilled water. Heating was effected by means of boiling water: the flask containing the solution under in- 
vestigatici was iitted with a reflux condenser and immersed in a boiling water bath. The solution was heated for the 
required time and then cooled rapidly under the tap; 5 mi of solution was then taken by pipet for the colorimetinc 
determination of silicic acid, which was based on Jor the yellow silicomic:ybdat- complex. 


The remaining solution (95 ml) was heated to 70°, and a solution of gelatin (& m! ci a 24 solution) was added. 
lf a precipitate formed, it was 2llowed w settle for 10-15 minutes and then separated by filuation. The ‘precipitate © 
was washed on the filter with hot dilute acid (5:95), and the filter paper and precipitate were sshed and calcined at 
1040-1060° to constant weight. The calcined silica was tested for purity by teatment with hydrofluoric. and sulfuric 
acids. 


Polymerization of Silicic Acid in Weakly Acid ard Almost pensions Solutions 


The polymerization of silicic acid in weakly acid and almost ‘neutral solutions prepared by addition of hydro- 
chloric acid was investigated for pH values ranging from 7.8 to 1.2. The procedure differed from that described 
above in that test samples for the determination of a -silicic acid were taken during the heating process at definite 
intervals of time. At the end of the experiment gelatin was added to the solution in order to coagulate any y “silicic: 
acid that had formed, but in no case was any detected (except inthe experiment in which sodizm chloride was added). 
The 5-ml portions of solution taken for determination of the a -form were diluted in measuring flasks tq 50 ml! with 
water, and silica was détermined colorimetrically in the solutions obtained, After these dilured solutions had stood 
for two hours, further silica determinations were made, — 


It was found (Table 1) that at pH 1,2 after heating for as long as two hours no polymerization of silicic acid 
was to be observed. The further determinations of silicic acid in the diluted solutions after standing for two hours 
at room tempersature again revealed no polymerization. With increase in the pH of the solution (from 1.9 ro-3,7) 
polymerization of silicic acid occurred dwing heating, reaching its maximum value in the first 15-30 minutes; with 
further heating the reverse process of depolymerization occurred, the more complex molecules being converted into 
simpler molecules that were abie to react with molybdic acid The further determination of silicic acid, carried 
out after two hours in dilute solution, also showed that in some cases reversible conversion of B- to a -form occurred. 


TABLE 1 


FH of so- | Amt. of a -silicic acid of orig. amt.) 
lution after for 


= mins, 30 mins. 


Second determination of a -silicie acid (% of orig. amt.) 
2 hours standing 


1.2 + 102 101 
1.9 80 91 
305°: 92 ; 80 
35 ! 61 i 98 
3.7 92 102 
7.8 | 546 | 50.6 
; 506 50 


» 


ae 


‘ 
| 
| 
~ 
- 
102 102 100 . 101 101 101 
| + 89 95 - - - - 
101 100 91 92 96 160_ 
97 100 90 97 98 - 
a 101 102 102 102 101 102 ies 
44.4 50.0 59 56 48 53 : - 
45.6 | 47.2 54 54 49 
Addition made of 3 g of per 160 mil of solution, 
| : 18 


In almosi neutral solutions (pH 7.8), the rate of polymerization was considerably greater: after 15 minutes’ 
heating, almost one-half of the silicic acid present in solution had passed into the 6-form and so did not react with 
molyddic acid and was not coagulated by gelatin. With further heating (30 minutes and one hour). polymerization 
continued, but the conversioa of the a -form into the 8 -form was appreciably slower, With still further heating (two 
hours) the reverse process, conversion of 8-form intw a -form, i.e., depolymerization, was observed. The reverse pro- 
cess was observed also when dilute solutions were allowed to stand. The state of the system in these solutions is de- 
termined by the equilibrium a = 8. : 


“The presence of appreciable amounts of sodium chloride in almost neutral solutions alters the character of the 
polymerization, The amount of the a -form to be found in the solution (after 15 minutes’ heating) was again 50% of 
its initial value, but at the same ‘time flocs oj silicic acid formed in the solution. This indicated that the polymeri- 
zation was going further: conversionof the 8-form into the y -form, In this case the state of the system is deter- 
mined by the more complicated equilibrium a == 8 = y. In dilute solutions containing sodiurn chloride, after . 
standing or prolonged heating, the reversible conversion of the 6 -form into the a -form was again observed. 


In order to determine the part played by the anion in the polymerization of silicic acid, experiment were 
carried out with solutions containing varying amount of sodium sulfate and sodium nitrate at pH 7.3-7.7 (Table 2). 


TABLE 2 


Expt. |Salt (concentration in pH of| Amt. of a-silicic acid (% of orig. amt.)| Second determination of a-silicic 
No, g/100 m)) sohy- after heating for acid (fo of orig. amt.) after 2 hours’ 
tion menting 
15 min. [30 min, 2 hours 


0.68 17.3 52.5 | 444 | 47 | 58 56 49 | se 
30 44 41 41 50 | 41 48 | 49 


05 175 | {| 81 |- 45 s2 | 45 62 
3.0 |7.5 | 93 89 61 47 99 90 65 


Na NO; 


In experiments with sodium nitrate in low (Expt. 1) and moderate (Expt. 2) concentration, the character and 
tate of polymerization were similar to those found for scdium chloride additions, Aiso, in presence of 2ppreciable 
amounts of sodium nitrate, the formation of flocs of silicic acid was observed already after 15 minutes’ heating. 
In the solution containing sodium sulfate in low concentration (Expt. 3), the initial rate of polymerization was con- 
siderably lower than in chloride and nitrate solutions under similar conditions, and only after two hours did the con- 
tent of the a -form fall to 43, a value close to that found in chloride and nitrate solutions. The presence of 
appreciable amounts of sodium sulfate (Expt. 4) delayed the conversion of the a -form into the 8-form wm a still 
greater extent in the initia, stages (15 and 30 minutes), but after two hours’ heating the amount of the a -form feil 
to 4™. In this case no floc of silicic acid were formed; the solution merely became opalescent. In a sulfate so- 
lution, therefore, the second stage of the polymerization (8 —> y) begins only after long heating of the solution, 


We consider that, when a solution of sodium silicate is neutralized, the silicic acid formed undergoes a pro- 
cess of polymerization: 


NaSiO, + 2HC1 = 2NaC] + H,SiO;; 
nH,SiO, = Hym Si nO(2n + m) +(n— m) HO, 


in which m< n, and the value of n rises as polymerization proceeds, i.e., the silicic acid molecules become larger 
and more complex. ‘ 


Ow results indicate that the polymerization of silicic acid is a reversible process. In presence of salts and 
with rise in temperature the equilibrium is displaced tw the right, i.e., the formation of polymeric forms of silicic 
acid is facilitated. On the other hand, presence in the solution of small amounts of acid (pH 1) leads to displace- 
ment of the equilibrium to the left, i.e., promotes the reverse process, depolymerization. 


Polymerization of Silicic Acid in Acid Solutions 


Hydrochloric Acid Solutions. The effect of variation in the concenuwation of hydrochloric acid was investigated 
over the range 1.4 N to 8 N. The effect of the duration of heating on the polymerization was investigated for the 
times 15, 30, and 60 minutes. The results obtained are illustrated in Figures 1, 2, and 3, Each point on the graphs 
represents a mean value, obtained from the results of a number of parallel experiments. The divergence between 
the values found in paralle] experiments for the contents of a - and y “silicic acids did not generally exceed 1-2%; 
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cases in which lower reproducibility was found are given special mention in che text. 


From these results it will be seen that after 15 minutes’ 2 Ae fi - pa 
heating (Fig. 1), no polymerization is to be observed in 2 solu- Meated 7 


tion containing Fe HC1” (1.37 Nj: colorimetric determination: ~ a. 

shows that the whole of the Silicic acid in the solution is present: t= 

in the a-form, Even at an acidity of 2 N, practically no poly- a 

merization is to be observed under these conditions of heating. pond : a 77 
When the concentration of HC] is increased to 10% (2.7 N), 3s FS / 

already after 15 minutes’ heating only 50% of the initial amount — zs 

of acid is in the a-form: the remainder is in the form of larger ; 33 # 

moiecules, but these have still not attained sufficiently large di- 

mensions to be coagulated by gelatin. In this case the state of f= Np 

the system is determined by the equilibrium a == 6. The diver SS » ‘“ 

gence between the amounts of a -form found in paraliel experi- 

ments is 5% (48% and 53%); this indicates an unstable state of <s =s : 

equilibrium between a - and 6 -forms.: “69747238 


When the concentration of HC] is further increased to 15% Nermaity of Hel 
(4.N), only 33% remains of the simplest form of silicic acid, and Fig. 1. 
at the same time a third form, y -silicic acid, is found to be pre- — 


remt. The rate of conversion of the 8 - into the y -form is less 


than the rate of conversion of the a - into the B-form. The solution, therefore; contains an spdenntilile amount of 


the intermediate B-form. The state of the system has become more complex, being determined by the equilibrium 
‘etween three forms: a 6 = y. 


When the concentration of HC] is still further increased, the contents of a- and 8 -forms fall, and that of the 
y -form rises. At 30 HC1(8 N), the mean value for the content of a -form is 4%,°2nd the main form presem is 


_ y-Silicic acid. We must point out that for this HCl concentration, whereas repeat experiments show satisfactory re- 


producibility for the a -form, a considerable variation is found fo: the y -form (76.7- 94.5%), which is reflected in 


the figures obtained, by difference, for the &8-form. This indicates high lability in the equilibrium between 8- and” 
y forms and indefiniteness in the boundary between these forms. 


Longer heating under the same conditions (30 minutes’ heating; Fig. 2) results in practically no polymerization 
at relatively low concentrations of HCl, as in the case of the 15-minute experiments. When the concentration of HCl 


FoR 30 MINUTES 283 b S 


10 
100 > 
7 

60 / 50 d 

sk. = 440 bd 

vs 

NORMALITY CF HCI 
Fig. 2 Fig. 3 


is increased, the polymerization goes further than in the corresponding experiments at the shorter time of heating 
Hence, when the duration of heating is increased, other conditions remaining constant, the equilibrium is displaced 


* Here and later the concentration of acid is expressed in grams per 100 ml of solution. 
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in whe direction of the formation of mare complex particles. At HC] concentrations of 15% and higher, y -silicic 


acid makes iss appearance. At 20% HCI the content of the y -form increases sharply, but the values found are poorly 
reproducibie. At 30% HC] the results for the determination of @ - andy -forms are highly reproducible, indicating 


. the stability of the equilibiium: ‘under these conditions, but the 8-form is almost absent, and the system is, Gpselecs, 


characterized by the equilibriuma = y. © 


With further increase in the duration of heating (Fig. 3), essentially the same picture is cima, The equi-— 
libnum @ @& 8 = y is displaced somewhat more in the direction of the formation of more higly polymeric forms, 
The appearance of the y -form is observed abeaty at 10% HCL, fox the solution becomes opalescent when gelatin is 
added. 


Hydrochloric Acid Solutions containing an Appreciable Amount of a Salt (Sodium Chloride or **uminum 
Chleride). in the series of experimenis described above, the solutions comained only small amouns of sodium 
salts, formed when the origina! solution was acidified. Special experimenas were carried out under the same con- 
ditions with the aim of determining the effect of large amounts of NaCl (up lo 3g pes 100 ml) and of AIC 1, (up to 
80 mg per 100 ml). The results are given in Table 3. 


TABLE 3 
Concenuation | Amount of various forms of silicic acid (% of total amount) afier heating solution for 30 minutes” 
of HCI in presence of AIC 
49.4 50 - 
98.1 93.8 
32 - 95.6 3.2 —- | 96.2 5 - 
96.8 95 
. 38.8 -42.5 : 
59.4 37.5 619 | - 38.8 59.4 - 
38.1 40.6 
! 64.6 9.4 67.0 
76:0 10.0 12.3 
943. 8.8 74.0 9.7 72.1 
14.6 80.4 8.1 -. 18.8 71.7 8.8 | 20.3 70.2 
15.9 716 9.5 
! 10.6 
| 
3.3 0.3 96.4 37 92.5 95.3 
&.22 i 0.7 96.8 31 35 93,7 96.0 
3.1 :97.1 34 i 93,1 tt : 95.65 
| 3.0 96.8 | | 


It will be seen from Table 3 that the introduction of NaCl or AIC], is practically without effect in the first 
stage of polymerization. The second stage of polymerization, the conversion of the §- int the y -form, appears to ‘ 
be somewhat retarded by the presence of salts: ta greater extent by NaC] than by AICly. At 20% and 30% HCl, 
the content of y -form is less when polymerization occurs in presence of salts. 


The experimental material described gives a sufficiently clear quantitative characterization of the course of 
the polymerizationof silicic acid in hydrochloric acid solutions within the studied range of concentrations and times 
of heating. The experiments have shown that at.all of the given HC] concentrations a more or less stable equilibrium 
between the various forms of silicic acid is established in the course of time (Fig. 4). Almost neutral solutions are 
exceptional: in this case there is a rapid fall in the content of @ -silicic acid to 50-54% of it initial value, and as’ 
the duration of heating is increased, a stable equilibrium between the a - and B-forms is not established (Fig. 4). 


In very weakly acid solutions (PH 1.9-3.7), at furst (after 15-39 mirutes’ heating) there is a relatively small 
fall in the content of a -form (to &% of the initial value), but with further heating the reverse process of depolymeri- 
zation prevails, and the content of a -form increases and approaches its initial value. At pH 1.2, ile., in a more acid 
solution, no polymerization at all is to be observed, even after heating for two hours. When the acidity is still further 


&§ silicie acid in its simplest form (within the limits of the period of time studied). 
Fusther increase in aci¢ity beyond 1.4 N leads to poly- 
= F merization of silicic acid, which becomes more and more pro- 
SS nounced as the acidity rises. This is shown by the rapid fallin 
a> . the content of the a -form in the first period (15 minutes) of the 
oF = heating, and by the slower fall in the further period of heating. 
. 3% In the acidity range 2-4 N, equilibrium between a- and B- 
a “ forms is not attained during one hour's heating, although the 
zs curve for the variation of content of a -form with time becc™es 
” more and more nearly horizontal after 30 minutes’ heating. 
a For acidities of 5.5-8 N the content of a -ferm is already 
s 2 much less after 15 minutes’ heating, and then remains constant 
6 8 during further heating (parts of the curves that are parallel to 
Bee the axis of abscissas ). For acidities of less than 4 N the content 
\ Pa of a -form is determined by the content of B-form. The curves 
+ 4 for the variation of the contents of a- and B-iorms withtime 
2.08 3 -form mirror images of one another: the equilibrium is deter- 
ews mined by the concentrations of a- and 6-forms. At acidities 


increased w 1.4 N, the picture remains almost unchanged: there is a very slight fall in the content of a -form with _ 
time. The acidity range 0.1-1.0 N must, therefore, be regarded as the most favorable for the stable existence of 


of greater than 4 N the content of 6 -form falis as it passes into 
x the y -form, and at 8 N the 8-form is practically absent. The 
” = cn equilibrium of the system is apparently determined by equilib- 
rium between simple and polynieric forms: a <= y. 


DURATION OF HEATING (MIN.) 


Fig. 4 Nitric Acid Solutions. The effect of variation of the 

; concentration of nitric acid-on the polymerization of silicic 
acid was investigated over the same range of acidity, 0.8-8 N. 

The duration of heating was varied from 30 w 60 minutes. Also, the effect of sodium nitrate on the course of the 
poly merization process was examined under thc same conditions, Comparisoc of the results (Fig 5 and 6) with-those 
obtained for hydrochloric acid solutions shows that in general charecter the processes are similar; ni 
however, show a number of differences that are of interest. 


tric acid solutions, 


HEATED: FOR 30MIN, HEATED FOR GOMIN, 
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NORMALITY OF HNO3 
Fig. 5 Fig. 6 
1, In nitric acid solutions of medium concentration (3-4 N) the content of the a -form is somewhat greater ce 
after 30 minutes’ heating than in hydrochloric acid solutions under the same cenditions, i.e., the first stage of the 1 
polyinerization, the conversion of the a -form into the B-form, proceeds somewhat more slowly; increase of the dura- oe 
tion of heating to one hour reduces the difference. When the HNO, concentration is increased to 5 N this retardation. é ; 
of the first stage of the polymerization is no longer observed. " 


4 
a 
q 
. &§ 
ag 
is 
19 
2 
| 


2. The second stage of the polymerization, the conversion of the 8 -form into the y -form, is slower in nitric 


acid solutions, and in 8 N HNO, some 5-form is still present, whereas in 8 N HC] it cannot be detected. 


3, In general, the presence of sodium nitrate in nitric acid solutions has no effect on the polymerization of 
silicic acid, only in a definite range of acidity (4-5.5 N) does it retam the conversion of the 6 -form inw the y -form, 


Sulfuric Acid Solutions, The effect of the variation of the concentration ef sulfuric acid was investigated over 
the acidity range 1-8 N, heating being for 30 and 60 minutes. In addition, the effect of sodium sulfate was investi- 
gated for the same range of concentrations of sulfuric acid (Figs. 7 and §). The general chzracter of the polymeriza- 
uon of sibcic acid in sulfuric acid solytions is the same as in hydrochloric acid solutions, the main difference being 
that the process is slower than in hydrochloric acid and nitric acid solutions. In 8 N H,SO, 10% of a -form remains 
after one hour's heating, whereas in hydrochloric and nitric acid solutions of the same normality only 3% of a-form 


is w be found. Correspondingly, the content of y -form in 8 N_H,SO, is 90%, as against 97% in hydrochloric acid 


solution, These peculiarities of polymerization in sulfuric acid solutions are probably associated with the lower 
activity of hydrogen ions, in comparison with that found in nitric and hydrochloric acid solutions of the same nor- 


mality. 
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SUMMARY 


' 1. An investigation has been made of the dependence of the polymerization of silicic acid in aqueous solu- 


tiomon the concenuation of mineral acid (HCl, HNOs, H,SO,), oa the content of certain salts in the solutions, and 
on the duration of the heating of the solution. 


2. It is proposed that, in accordance with the complexity of their particles, three forms of silicic acid should 
be distinguished in aqueous solution: the simplest particles {a -form) react with molybdic acid, forming a colored 
complex, the most complex ( y -form) are coagulated by gelatin; and particles of the intermediate form (6 -form) 


do not react with molybdic acid and are not coagulated by gelatin. This method of division has enabled the content 
of each of thé three forms in a solution to be determined. 


3. The laws determining the variation in the contents of these forms of silicic acidas the above -indicated 
factors are varied have been established. It has been shown that onc form is reversibly convertible into another, 
and the conditions for the displacement of these equilibrium processes have been characterized. 


4, The experimental material obtained and the regularities that it reveals are of practical interest for scien- 
tific development of methods for the separation of silicic acid from solutions, ~ 
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DISPLACEMENT OF CHEMICAL EQUILIBRIUM IN A SURFACE LAYER 


S. E. Bresler and G. V.. Samsonov 


Clemical processes occurring at the boundary between two phases have been well studied from the point of 
view of kinetics: this study has formed the basis of a whole science —heterogeneous catalysis. Much attention has 
been paid also wo the study of the kinetics of chemical processes occuring in insoluble films on. liquid surfaces, 
question of the equilibrium between substances reacting in the surface layer has-not ye? atuacted attention; usually. . 
the reactants and products, e.g., in heterogeneous cata)ysis, are found in the same phase, and therefore, from the 
point of view of thermodynamics, the course of the process in the surface layer has no effect on the composition of 
the final system, 


The problem of the chemical processes occurring in a surface layer may be solved in a different way: by re- 
garding substances remaining in boundary surface as products. The question then arises of the conditions of chemical 
€quilibnum at the boundaries berween phases. The experimental! investigation of this question may be caried om 
with the aid of measurements of the physical properties oi the reacting system or by a method depending on the 
“freezing® of the final products at low temperature, their wansference into a homogeneous phase, and chemical 
analysis, 


Our investigations on the course of chemical processes have been carried out in an insoluble film, formed on 
the surface of a liquid. It is well known from experiments with the Langmuir balance that the maximum lowering 
of surface tension in insvlubie films is 30-40 dynes/cm. This lowering cap be inserprered us a supplementary pres- 
sure created by the mono-layer on an area of length 1 cm and width equa) w.the iength-of the molecules oriented 
in the surface Jayer, It is easy to se€, therefore, that the excess pressure in 3 surface lzyer may attain 200 or more 
atmospheres, sufficient to cause an appreciable displacement of chemical equilibrium th condensed systems, if the 
volume change in the chemical process is not too sma! and the free energy of the process 1s not too ‘great. A 
favorable process from this point of view is the synthesis of esters from acids and alcohols, The esterification pro- 
cess should not occur in presence of the large mass of water in contact. apres the molecules of uie surface — since 
water is produced in this reaction. P 


The free energy of the formation of esters from fatty acids and alcohols is AF = 909 cai/mole{1]. The volume 
change during esterification in the surface layer is made up of two parts: the loss of water molecules and the forma- 
tion of one large molecule from two small ones. Such processes should be accompanied by a volume change of not 
less than 20 ml per mole of cther. The associated external work AF’ = pAv, which reduces the positive free energy 
of the clhemicai process, amounts to a few hundred calories. Under these conditions we might expect an appreciable 
displacement of the equilibrium in the surface layer, as compared with the homogeneous phase, in the direction of 
the synthesis of the ester, In addition, the orientation of the molecules inthe surface layer 2nd the resulting partial | 
dehydration of the ; “lar group may play an important part in the displacement of the chemical equilibrium. We 
may refer to this also as the effect of the steric factor: owing to the orientation of the ester molecules (when, as 
experiment shows, the area occupied by a molecule is 21 at and the hydrotarban radicals form, as it were, con- 
tinuations of one another) the hydrophilic part of the moiecule is removed from the aqueous phase, and this hinders 
the process of hydrolysis, 


Both factors, therefore, displace the equilibrium in the surface layer in the same direction: from hydrolysis 
to esterification, Preliminary results on the formation of an ester in the surface layer from myristic acid and 
hexadecyl alcohol [2) were based only on the measurement of the fa)] in surface pressure after bringing a mixture 
of acid and alcohol onw the surface. In the present investigation we have made a systematic study of the process 
of esterification of various organic acids and alcohols both by the = method, and with the aid of micro- 
chemical colorimetric analysis, 


EXPERIMENTAL PROCEDURE 


The esterification process was studied for a series of organic acids —from lauric to palmiuc —reacting with 
hexadecyl or Octadecyl alcohol in monomolecular surface films formed on 4 water surface in a Langmuir tough. In 
carrying out the work all essential precautions were taken: the trough, covered with pure paraffin, was contained in 
a glass-covered box; two-way movement of the barrier was effected by remote control with the aid of nuts actuated 
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dy 3 threaded rod attached wo the wall of the box: the threaded rod was rotated by means of an electric motor, which 
wis supported independently ‘n arder to avoid disturbance to ihe surface of thie liquid. The surface tension (pressure) 
was measured by the detachment method, using a torsion balance 2nd a glass plate having a perimeter cf 20 mm. “As 
all of the work was carried out with condensed films, a highly sensitive balance was not necessary. The probable 
ter in the measurement of surface tension was 0.25 dyne/cm. For the formation of the film, a 0.1% solution of the 
acid and aleohol in hexane (distilléd through 4 column) was used. The solution was applied in the form of 5-6 crops 
(total volume about 0.1 ml) from a specially calibrated micropipet. Removal of the film for analysis. was carried 
out by rwo methods. transfer of the monomolecular layer to a solid metal plate [3], and decantation of the top layer 
cf liquid, wgether with the film, into a special vessel, The first method gave the most reproducible results, 


The esters formed in the films were extracted from the trough as descrbed and subjected to chemics! analysis. 
Since the tctal amount of acid and alcohe! placed on the surface was only about 0.1 mg, and the amount of ester 
formed was still less, we selected the colotimetric method for the determination of esters by the hydroxamic reac- 
ion [4], which permits the determination of hundredths of a milligram of ester. The hydroxamic acid formed by the 
reaction of an ester and hydroxylamine in absolute ether ; ; : 


RCOOR, + NH,OH —* R,CONHOH + R,OH 
» 
gives a red complex with ferric salts: 


3R{CONHOH + FeCl, —> (RYCONHO)sFe + 3HCL 


The exunction coefficients of the colored solutions were measured with a Soviet SF -1 spectrophotometer. The 
a>sorption curves of standard solutions of butyl oleate are given in Fig. 1. Fig. 2 shows the dependence of the extinc- 
tion coefficient at 525 my on the concentration; it follows the Lambert-Beer law with great accuracy. 


Our investigations have shown thai the re- 
producibility of the results is not high when esters 
derived from acids having more than tep carbon 
atoms and alcohols of similar molecular size are 
analvzed by the method described. The presence 
of water in the ester solution has 4 considerable ef- | 
fect in these cases. Tolerable results can be obtained 


i 


Fig. 1. Absorption curves for solutions of butyl oleate Fig. 2. Dependence of extinction coefficient 
after formation of the hydroxamic complex: a) for on concentration. 

c = 0.185 - 10°? mM; b) for c = 0.745 - 10°3:mM; c) 


for = 1.78- mn: d) for c = 3,00- 19°? mm 


only by long boiling of 2 solution of the ester and hydroxylamine in diethyl ether, The explanation of this dif- 
ficulty may lie in the low solubility of the esters. For this reason we modified our procedure, carrying out the 
whole process of preparing the hydroxamic acid in absolute pentane, in which water is practically insoluble. 


Results of the spectrophotometric investigation of the-hydroxamic complex obtained from hexadecyl myris- 
tate in pentane are given in Fig: 3. and 4. The straight lines in Fig:.2 and 4 can be satisfactorily superposed, and 
this gives us reason to suppose that we mzy determine the concentration of any of the esters obtained from the 
same calibration curve when very high accuracy is not required, The hexadecy] myristate required for the construc- 


tion of the calibration curve was synthesized by us from myristoyl chioride and hexadecyl] alcohol and was re- 
crystallized several times. 
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Fig. 3. Absorption curves for solutions of hexadecyl Fig. 4. Spectrophotometric curve for the hydroxamic 
myristate after formation of.the complex: a) for complex formed from cetyl myristate in pentane. 


c = 0.456 - mM; b) for = 1.14- c) 
for c = 2.28 mM; d) for c = 4.56 - 1073. 


; 
Experiments on the Method of Determining Surface Pressure 


The simplest method of observing chemical reactions in a surface layer covering a liquid is by measurement _ 
of the surface tension (surface pressure). We first studied the stability of films formed by the starting substances: 
lauric, widecanoic, myristic, and palmitic acids, and hexadecyl and octadecy! alcohols. Films were formed with — 
amounts of substance calculated to provide one molecule w each 25 A? of surface, and surface tension measure - 
ments were made at ten-minute intervals over a period of 3-5 hours. When films were formed on water, only the 
alcohols and palmitic acid. gave fully stable films. When 0.02 N HC] wes used, all of the films were found to be 
sufficiently stable with the exception of lauric and tridecanoic acid films. The acidity of the water phase reduced 

the dissociation of the fatty acids, and so reduced their © 
Wt achinliaian solubility and stabilized the film. Al! further work was 
/ done on 0.02 N HCl. In the experiments on esterifica- 
tion, the amount of an equimolecular mixture of acid 
* and alcohol necessary to provide one molecule: for each 
25 A? of surface was placed on the surface of 0,02 N 
HC1 contsined in the trough. 


The results of surface pressure measurements in the 
systems myristic acid. + hexadecy] alcohol, palmitic 


T. MIN. acid + hexadecyl alcohol, amd myristic acid + octadecy] 
iven i ; 5. i te 
acid + hexadecyl] alcohol; b) palmitic acid + hexa- red . 


decyl sicohol; c) myristic acid + octadecyl alcohal. time; it was substantially complete in one hour. No such 
’ effect was observed in the second system. We considered 
that palmitic acid formed a solid film at réom temperature 
and could not react with the alcohol owing to the low mobility of its molecules. Experiments at 38° showed that 
under these conditions palmitic acid itself did nor give a stable film owing to partial dissolution, so that a study of 
the kinetics of esterification could not be made from observations on the fall in surface pressure. However, synthesis 
of hexadecy! palmitate can be proved beyond doubt by means of chemical analysis. 


Control experiments with surface films containing only acid or only alcoho] showed (when stable films were 
obtained) that, when the substances were applied from hexane, the surface tension was established in 1-3 minutes, 
and then remained unchanged for several] hours. As we considered that the surface pressure itself plays an important 
part in the displacement of chemica! equilibrium, we carried out experiments in which we observed the change in 
surface pressure after compression and extension of the film, effected by movement of the barrier (Figs. 6 and 7). 
Both in the system myristic acid + hexadecyl] alcohol and also in the system myristic acid + octadecy) alcohol, after 
each compression of the film (increase in surface pressure) a new gradual fall in surface pressure was observed, which — 7 
occupied about ten minutes, After extension of the films the reverse phenomenon occurred: the surface pressure | 
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Fig. 6. Change in surface pressure after compression Fig. 7. Change in surface pressure after compression 
and extension of films in the system myristic acid-+ and extension of films in the system myzistic acid + 
+ hexadecyl alecbol.'s + alcohol, ~ 
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gradually rose. Gur explanation of the observed, phenomena is as follows: when the surface pressure is raised, fur- 
ther synthesis of ester occurs owing to a displacement in the equilibrium, and when the pressure is reduced the op- 
posite process, ester hydrolysis, occurs.«The control experiments with pure acids and alcohols indicated the insig - 
nificance of effects due to elastic after-effects, which cannoi in any way eliminate the result obtained. 


A study of the reverse process of ester hydrolysis, and particularly of the attainment of equilibrium from this 
side, would be of interest, but the films obtained by applying hexadecyl myristate to the surface of water were found 
to be fragile and of low stability: they exist for only a very short time and are broken down as soon as they are sub- 
jected to an insignificant pressure from the movabie barrier. Experiments with hexadecyl myristate, and also with 
the ternary system myristic acid + hexadecyl] alcohol + hexadecyl myristate, qualitatively confirmed our results on 
the existence of an equilibrium in this system in the surface film which is considerably displaced in the direction of 
ester synthesis. However, the low stability of the ester films did not allow us to obtain quantitative results. 


Results of Chemical Analysis 


Although there may still be some ambiguity in the interpretation of the observations on the change in surface 
pressure, the direct chemical analysis of the esters obtained shows beyond doubt that the chemical process does occur. 
As ou preliminary results showed, the amount of ester obtained in one experiment from the whole of the uough 
(600 sq.cm) is insufficient even for an extremely sensitive method of colorimetric microanalysis. In order to obtain 
a larger amount of product, the film (formed from acid and alcohol and then maintained for 30 minutes) was com- 
pressed, and a glass plate having raised edges was inwoduced below it; the film, together with the top layer of. liquid, 
was then transferred to a vessel contained in a Dewars flask containing liquid air (to freeze the equilibrium). This 
operation was repeated ten times for e ach system, and all the organic substances were then extracted from the water 
(after thawing) by means of pentane, ‘and analysis for the content of ester was carried out by the hydroxamic me- 
thod. The results of the specuophotomewic analysis of the hydroxamic complex in the systems lauric acid + hexa- 
decyl alcohol, tridecanoic acid + hexadecyl alcohol, myristic acid + hexadecyt alcohol, and palmitic acid + hexa- 
decyl alcohol (18° and 38°) are given in Fig. 8. The yield of ester in the surface layer may attain 20% (see Table). 


The results obtained could only be convincing after numerous contol experiments. With this object water 
films (0.02 N HC)), after remaining in the trough for a sufficient period of timte, were analyzed in order to make 
Sure that esters.in micro amounts did not.separate from the paraffin. Similar control experiments were caried out 
with films of fatty acids and alcohols. Each substance was separately applied to the surface of the solution in the 
trough. All these control experiments showed that the finding of ester in the synthesis experiments could not result 
from the contamination of the paraffin or the original acids and alcohols, There still remained the question of 
the possibility of the formaticn of esters after thawing of the pentane solutions. Experiments showed thar mixtures 
of aliphatic alcohols and acids do not yield even traces of esters in the course of one day, when dissolved in pentane 
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Fig. 8. Curves for the spectrophotometric investigation 


of the hydroxamic complex in the systems: a) myris- ; 
oe ‘ ontaining unt of acid (the pentane was 
tic acid + hexadecy] alcchol; b) tridecanoic acid + hexa- 


irst br uilib with 0. HCli 
decyl] aicohol; c) leuric acid + hexadecy] alcohol; 
palmitic acid + hexadecyl alcohol (d, at 18*, dy at 38°). 


0.64 16 


0.86 20 


0.045 | 0.54. 14 


This shows that not only the conditions fcr equi- 
librium, but also the rate at which equilibrium ts 
attained, is different in the wie film than in the bulk of the solution, which, of course, is fairly well known w be 
so. The direct chemical experiment, therefore, was found to be in full accord with observations made by. the Lang- 
muir-Adam method. The occurrence of the synthesis of an ester from a fatty acid and an alcohol under the comdi- « 
tions existing in a monomolecular layer is proved, This proves also that under the conditions found in a monomole-— 
cular layer a dehydration reaction occurs in presence of a practically infinite reservoir of water: in other words, -the 
peculiar conditions existing in the surfece layer displace the chemical equilibrium from hydrolysis to synthesis, 


SUMMARY 


1, Esters have been synthesized fror= organic acids and alcohols in a monomolecular layer on the suriace of 


water (0.02 N HCl). The formation of esters has been proved by a microchemical analytical method ond also by the 
fall in surface pressure. 


2. The synthesis occurs in presence of the enormous amount of water that supports the fiim. The possibility 


of the occurence of the dehydration piocess is associated with the peculiar conditions that are found in the surface 
layer. 


The effect of surface pressure on the displacement of chemical equilibrium in a monomolecular layer has 
been demonstrated. 


' Institute of Macromolecular Compounds | 
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SYNTHESIS OF AND w,w-DICHLOROALKENYLA MINES 


A. N. Nesmeyanov, L. 1. Zakharkin, and R. Kh. Freidlina 


No primary amines containing the uichiloromethy! or 2 group and of the types 
and CCl, = CH(CH,)nNHg, are known. We decided to carry out the synthesis of such bifunctional compounds, since 
we congdered that they should present considerable interest from the point of view of their reactiviry, the mutual 
effect of the functional gr. ups in the molecule, and so on [1,2]. We hoped to effect the synthesis of compounds of 
these structures containing odd numbers of carbon atoms by the ammonolysis of a.a,a,w-tecrachloroalkanes and 
a,a,w-tichloroslkenes. a,a,a.w-Tetrachloroaikanes are quite accessible substances, being prepared by se addi- 
tion of carbon tewachloride two ethylene with application of heat and pressure in presence of yarious initiators, Tri- 
chloroalkenes of structure CC), = CH(CH,)nC! are readily prepared by the elimination of hydrogen chloride from 
these tetrachicroalkanes [3]. The synthesis of amincs of the above types containing an even number of carbon atoms 
we hoped w bring about by the hydrogenation of nitriles, which would have to be cbtained by the action of potas- . 
sium or cyanide on the corresponding tewachloroalkanes or tichioroalkenes. 


The action ‘of ammonia on jw-tetrachloroalkanes has not been suudied, lt was thought that this reac- 
tion might be compiicated by the fact that a highly nucleophilic reagent, such as ammonia, can attack the tetma- 
chloroalkane molecule both at the carbon atom carrying one chlorine atom, .and at the carbon atom carrying three 
chlorine atoms. Treatment of 1,1,1-tichloropentane with ammonia in a methanol medium at 145-150" for ten 
hours showed, however, that the trichlorometky) group is inert with respect to the action of ammonia under these 
conditions, 1,1,1,5-Tetrachloropentane, on being heated with ammonia in alcoholic solution, yielded 5,5,5-tri- 
chloropentylamine in satisfactory yield. 5,5-Dichloro-4-pentenylamine was formed as a by-product in this syn- 
thesis, and, in addition, resin formation occurred. The reaction between 1,1,1 ,7-tetrachloroheptane and ammonia 
did not go quite as well: the yield of the corresponding unsaturated amine approximated to that of 7,7, 7-trichlo- 
roheptylamine, and there was alse more resin formation. It was not found possible to obtain the trichloronenayl- 
amine from 1,1,1,9-tetrachlorononane and ammonia. . 


The reaction between a .a,w-trichloroalkenes and ammonia went considerably beter: it was-found possibie 
to obtain not only 5,5-dichloro-4-pentenylamine and 7,7-dichloro-6-heptenylamine, but also 9,9-dichloro-8-non- 
enylamine, the yields of the three substances being 73%, 56%, and 50 respectively. 


The hydrogeaation of nitriles containing a trichloromethy! or 2,2-dichlorovinyl group has not been stmdied. 
There is little information available aiso about the hydrogenation of other compounds containing the trichloromethy] 
group. We may, however, refer to a short communication [4] regarding the reduction of 1,1,1-wichloro-3-ziwo-2- . 
alkanols into the corresponding aminotichloroalkanols by means of hydrogen in presence of Raney nicke! in an ab- 
solute alcohol medium. Unfortunately, the authors have not published a more Getailed paper on this subject. A 
patent [5] has appeared recently on the hydrogenation of polyhalo compounds containing a trichloromethyl group 
by means of hydrogen in presence of a platinum catalyst and a base for binding the hydrogen — formed. 

The reaction occurring under these cond.iions may be represented as follows: 


Pt Pt 


where R is a hydrocarbon or halohydrocarbon residue. 


By the hydrogenation of 6,6 -dichloro-5-hexenenitrile under pressure in presence of Raney nickel in a metha- 
nol medium, the comesponding dichlorohexenylamine was isolated in low yield, and at the same time a small 7 
fraction of a lower-boiling fraction was obtained. It is possible that the low yield of product and the presence of 
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CCl CHg )gNHCOC gtig 


by-products are associated with a hydrogenation of the 2,2-dichlorovinyl gioup and with the replacement of a chlo-- 
rine atom by hydrogen in presence of the base formed 4s a result of the hydrogenation of the cyano group. Carrying 
out the reac uon under the same conditions, but in presence of 1,1,1,5-tetrachlosopentane, which should act as a 
chlorine donor, led to the preparanon of 6,6-dichloro-5-hexenylamine, and although a poor yield was obtained, 


there were no by ~prod ucts, as the low-Dboiling substances were not formed under these conditions. 


Hydrogenation of 6, 6, 6- -trichlorohexanenitile in a methanol medium in presénce of Raney nickel led to the 
fozmauon of 6,6-dichlorohexylamine, but not 6,6.6-trichlorohexylamine. We thesefose carried out the synthesis 
of 6,6,6-trichlorohe xylamine. according to the following scheme: 


| 


All the amines that we have prepared are colorless liquids having a specific amine odor and distillable under 
reduced pressure. Trichloroalkylamines resinify appreciably on standing, and in the case of 5,5,5-trichloropentyl- 


amine, the hydrochloride of the original wichloropentylamine was isolated from the resinified mass. Dichloroalkyl- 
amines and dichloroalkenylamines are stable to storage. Ali the amines obtained form crystalline benzoy] deriva- 
tives when treated with benzoyl chloride. It is intercsting to note that the benzoy) derivatives of the trichloro- 
alkviamines containing an odd number of carben atoms melt higher than the corresponding benzoyl derivative of * 

the trichlosoaikylamine containing an even number of carbon atoms, The same is observed also for the melting “ # 
points of the benzoyl derivatives of the dichloroalkenylamines, as will be seen from the table. = erreeae. =: Hie 


Benzoyl derivative 
Hy ),NHCOC 
CCIgC Hy gNHCOC Hs 


Benzoyl derivative 


95-96 
70,5-71.5 
91-92 


CCl, = CH(CH,)sNHCOC Hg 
ccl, = CH(CH, 
CCl, = CH(CH, )sNHOOC,Hg 
CC], = CH(CH,),NHCOC Hg 
CCl, = CH(CH,);NHCOC,Hg 


EXPERIMENTAL 


A solution of 25 g of 1,1,5-trichloro-1-pentene in 100 ml of methanol containing 12 g of ammonia was heated 
in a steel ampoule at 80-85° for eight hours. The methanol and ammonia were then driven off in a water bath. Di- 
lute hydrochloric acid was added to the residuc, and the oil rémaining undissolved was extracted with ether, The hy- 
drochloric acid solution was cooled and made alkaline with a solution of caustic soda. The base that separated was 
extracted with ether, and the extract was dried with sodium sulfate. 5,5-Dichloro-4-pentenylamine (16.2 g, 73%) 
came over at 68-69°(7 mm); it had nB 1.4899; a’ 1.1736; Found MR 37.98; Calculate? MR 37.93, 


Found: N 9.22, 9.44 
Calculated %: N 9,09 


Its benzoyl derivative.melted at 55-56° (from ligroin). 


Found %: N 5.50, 5.56 
CyHyCiON. Calculated %: N 5.42 


6,6-Dichloro-5-hexenenitrile 


A mixture of 62 g of 1,1,5-trichloro-1-pentene, a solution of 32 g of potassium cyanide in 55 ml of water and 
150 ml of ethanol, and 3 g of sodium iodide was heated with stirring for ten hours. The alcohol was then distilled off, 
and water was added to the residue to dissolve the salts, The oil present was extracted with chloroform, and the chlo- 
roform solution was washed once with water and dried with calcium chloride. Vacuum distillation yielded 13 g of 
the original urichloropentene and 42 g (72%) of 6,6-dichlonm-5-hexenenitrile, b.p. 80-81°(3 mm), nb 1.4815; 


M.p. (T) M.p.(C) 
; 55-56 
36-37.5 
4 
: 
zé 


4? 1,2018; Found MR 38.87; Cak ulated MR 38,99, 


Found %: N 8.57, 8.34 
- Calculated %; N 8.54 


6,6-Dichloro-5-hexenylamine 


A sshlonct 35 g of 6, 6-dichloro-5-hexenenitrile and 35g of 1,1,1,5-tetrachloropentane in 100 ml of metk- 
anol was hydrogenated in presence of 5g of Raney nickel and hydrogen at 100 atm at 75° for three hours. After re- 
moval of the catalyst, the methanol was distilled off in a water bath. Dilute hydrochloric ecid was added to the 
residue, and the undissolved part was exuracted with chloroform. The hydroctiloric acid solution was cooled and 
treated with a solutiowof caustic soda, when separation occurred of the free amine and also of nickel hydroxide, ; 
which had to be removed by filtration. The amine was extracted with ether, and the exuact was dried with sodium 
sulfate. The dichlomhexenylamine (7.8 g, 22%) distilled over at &3-84° (6 mm); it had nf 1.4865; a? 1.1331; 
Found MR 42.61; Calculated MR 42.61. : 


Found: N 8.56, 8.54 
CH yCLN. Calculated %: N 8,33 


Fractionation of the chiorofco:m, solution yielded 15 g of the original dichlorohexenenitrile. The dichloro- 
hexenylamine, on being hydrolyzed with sulfuric acid, yielded 6-aminohexanoie acid, mp. 200-201°, Samnified 
by determination of the melting point of a mixture of the substance with an ‘authentic sample, . 


The benzoyl derivative mined at 36.5-37.5° (from ligroin). 


Found N 5.08, 5.00 
CysH gCLON. Calculated N'5.14 


71,7-Dichloro-6-keptenylamine 


1,1,7-Trichloro-1-heptene (12 g) was heated with 8 g of ammonia in $0 m] of methano) at 80-85* for eight 
hours. The residue after removal of methanol and ammonia was treated in the same way as in the case of 5,5-di- 
chloro-4- cay ypc Vacuum distillation yielded 6.1 g (56.2%) of 7,7-dichlom-6-heptenylamine, b.p. 102- 
103° (7 mm); 1.4842; 1.1039; Found MR 47.19; Calculated MR 47.21. 


Found %: N 7.52, 7.52 
C7H,,CLN. Calculated %: N 7.69 


The benzoyl derivative melted at 37. 5-38° (from ligroin). - 


Found %: N 4.72, 4.97 
C yHy7C1,NO. Calculated %: N 4.89 


9,9-Dichloro- 8-nonenylamine 


A solution of 23 g of 1,1,9-rrichloro-1-nonene in 150 m! of methanol containing 15 g of ammonia was heat- 
€d at 80-85° for ten hours. After removal of ammonia and methanol, the residue was treated in the same way as 
in the case of 5,5-dichloro-4-pentenylamine. Vacuum distillation yielded 10.6 g (50.5%) of the dichlorononeny)- 
amine, b.p. 100-101°(3 mm); nB 1.4822; d% 1.0599; Found MR 56.50; Calculated MR 56.45. 


Found %: N 6.60, 6.75 
CyHgChN. Calculated %: N 6.66 


The benzoyl derivative melted at 44,5-45,5° (from ligroin). 


Found %: N 4.56, 4.47 
C Calculated %: N 4.60 


5,5,5-Trichloropentylamine 


1,1,1,5-Tetrachleropentane (25 g) was heated in a steel ampoule with 20 g of ammonia and 100 ml of meth- 
anol at §5-90° for ten hours. The methanol and ammonia were driven off in a water bath. The crystalline residue 
was washed on the filter with chloroform, and then treated, with cooling, with a solution of caustic soda. The oil 
that separated was extracted with ether, and the ether extract was dried with sodium sulfate. Vacuum distillation 
of the product yielded 3,5 g of dichloropentenylamine and 13.2 g (58.2%) of trichloropentylamine; there was an 
appreciable residue in the distillation flask. The boiling point of 5,5,5-trichloropentylamine is 69-70° (1.2 mm); 
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2? 1.28 $19; Found MR 43.35: Calculated MR 43.21. 


- Found %: C 31.56, 3160: H 5.31, 5.36; N 7.31, 7.33 
Calculated %: 5.24; N 7.35 


The benzoyl derivative melted at 95 -96° (from aqueous alcohol). 


Found %: N 470, 463 
Calculated %: N 475 


The hydrolysis of 5, 5,5- -wichloropentyla mine with concentrated sulfunc acid yielded 5-aminovaleric acid, 
m.p. 155-156°. On standing §,5,5-trichlorepentylamine forms a precipitate of its hydrochloride, m.p: 229-230° 
(fom water). . 


Found %: C 26.59, 26.64; H 4.98, 5.05; Cl 63,00, 62.90 
CgHyChN. Calculated %: C 26.43; H 4.84; Cl 62.56 


When the amine is heated above 130-140°, a vigcrous reaction sets in with formation of hydrochloride and 
resins. 


6.6.6-Trichlorohexanenitrile 


A mixtwe of 63 g of 1,1,1,5-tetrachlompemane and a solution of 20 6 ot sodium cyanide and 3 g of sodium 
iodide in 152 ml ef ethanol was heated with stirring for 10-12 hours. The alcohol was driven off in a water bath, 
and water was added w the residue to dissolve salts. The oil thai was present was extracted with carbon tetrachlo- 
ride, and the solution formed was dried with calcium chloride. Vacuum distillation ge 8 g of the original 
tetrachloropeniane and 48 g (20%) of 6,6,6- tichlorohexanenitile, b.p. 91-92° (1.5 mm); 1.4822: a” 1.2877; 
Found MR 44.41; Calculated MR 44.33. 


Found %: WN 6.90, 7.08 
CHC] ,N. Calculated %: N 6.98 


6,6-Dichlorohexylamine 


6,6,6-Trichlomhexanenit ile (25 g) dissolved in 60 ml of mezhanol was hydrogenated in presence of 5g cf 
Raney nickel and hydrogen at 6(-80*, 100 etm, for four hours. After remuval of catalyst, the methanol was distilled 
off ir a water bath. Diluteshydractiozic acid was added w the residue, and the undissolved oil was extracted with 
caloroform. The hydrochloric acid-solution was rendered alkaline with caustic potash solution, cooling being applied. 
Separation occured of the base and also of nicke! hydroxide, which had to be remeved by filtration. The amine was 
extracted with ether, and the etter extract was dmed with potassium carbonate. Vacuum distillation of - prod - 
uct yieMed a srizil firx traction (about 1g) and 8.1 g-of 6,6-dichlorohexylamine, b.p. 93-94°(7 mm); nb 1.4730; 
d® 1.1086; Found MR 43.01; Calculated MR 43.06. . 


Found %: N 8,12, 8.18 
CoH Calculated %: N 8.23 
From the chloroform solution, 7.2 g of uncharged nitrile was recovered. 
The benzoyl derivative melted at 56-57° (from ligroin). 


Found %: N 5.07, 5.05 
CygHy,C1,NO. Calculated %: N 5.11 


The dichiorohexylamine underwent no change on being kept for a long time. 
Diethyl 5,5,5-Trichloropentyimalonate 


1,1,L5-Teuachioropentane (52 g) was added to sodiomalonic ester prepared in 60 ml of absolute ethanol 
from 32 g of malonic ester and 4.6 g of sodium. The solution was heated under reflux for eight hours, and then, to 
the cooled solution, water was added until the separation of oil was complete. The oil was extracted with chloro- 
form, and the chloroform solution was dried over sodium sulfate. Vacuum distillation yielded 27 g of a first frac- 
b.p. 76-142° (2.5 mm) and 43.1 g of diethy) 5,5,5-trichloropentylmalonate, b.p. 141-142,5° (2.5 mm); 
a3 1.4624; & 1.2130, Found MR 75.64; Calculated MR 75.53. 


Found %: C 43,70, 43.70; H 5.69, 5.76; Cl 31.34, 31,14 
CH ClO, Calculated %: C 43.20; H 5.69; Cl 31.92 


7, 7-Trichloroheptanoic Acid 


A mixture of 43 g of the ester pre pared at described above, 80 ml of glacial acetic. acid, 50 ml of concen- 


trated ky¢rocaloric acid, and 60 of water was heated urder reflux for ten hours, The acetic acié was then ériven 


off under reduced pressure, and the oil remaining was extracted with chloroform, The residue after removal! of sol- 
vent was heated at 170-180" until evolution of carbon dioxice ceased (30 minutes). When it had cooled,. the product 
was dissolved in a slight excess of 10% aqueous. caustic soda. The alkaline solution was extactéd with ether and 
then acidified with hydrochloric acid. The trichloroheptancic acid, whi¢h separated as an oil, was exuscied with 


chlomform. Vacuum distillation yielded 22.5 g (73, Ape) of 7,7,7- b.p. 120- -121° (0, 5mm), 


m.p, 36-37° (from petroleum ether). 


Found %: C1 45.51, 45.48 


1,0, Calculated %: Cl 45.61 


Hydrolysis of 7,7,7-tichloiohe ptanoic acid. with concentrated nydrochloric acid gave a 92% yield of pimelic 
acid (m.p. 102-103*). The acid chloride of 7,7,7-wichloroheptanoic acid (b.p. 91-92°/1 mm) was obtained in al- 


most quantitative yield by the action of thiony! chloride. The zmide was prepared by the action of the acid chloride 


On aqueous ammonia, with cooling; m.p. 78-79°. 
Found %: N 5.95, 6.04 


Calculated %: WN 6.02 
6,6,6-Trichlorohexylamine 


Concentrated sulfuric acid (40 ml) was added over a Period of one hour at 40-45° to a solution of 20 g of 7,- 
1,17-tiichlorohe ptanoic acid in 60 ml of benzene containing 4.£ g of hydrazoic acid. The requred temperature was 
maintained oy means of externa] cooling After the addition of the sulfuric acid the mixture was stirrea for three 
hours further at the same te mperature (until bubbles of gas ceased to separate). at the same time some hydrolysis 
of the trichlormmethy)] group was brought about by the sulfuric acid; it was for this reason that the temperature was, 
not allowed to rise above 45°. When reaction was complete, the mixture was cooled and ‘poured into ice water, The 
benzene layer was separated, 2nd the sulfuric acid solution was carefully made 2lkaline (with, cooling) by. means of 
caustic soda solution The oil that separated | was extracted with ether, and the ether solution was dried “~ sodium 
sulfate. Vacuum distillation yielded 5.1 g (34. 3p) of 6,6,6- “trichlowhexylamine, b.p. 78-79° (1.2 mm); oB 1.4843; 
4° 1.2192; Found MR 48.01; Calculated MR 47.93, * 


Found %: N 6.85, 6.98 


Calculated %: N 6.84 


The benzoyl derivative melted at 70,5-71.5°, 


Found %: N 4.75, 4.60 


C ygHygC1,NO. Calculsted Mas N 4.53 


mine 


A solution of 30.5 g of 1,1,1,7-tetrachloroheptane in 150 m1 of methanol contzining 16 ¢ of ammonia was 
heated in a steel] ampoule at 85-90° for eight hours. The methanol and ammonia were driven off in 2 water Lath. 
and the residue was treated 2s in the case of 5,5-dichloro-4-pentenylamine. Vacuum distillation of the product 
yielded 6.4 g of 7,7-dichlcro -6-heptenylamine, b.p. 78-80°(1.5 mm) and 8.3 g (29.7%) of 1,7, 7-trichlorohepty]- 
amine, b.p. 95-96°(1.5 mm). A considerable residue remained in the distillation flask, and this, on being heated, 
decomposed with evelution of hydrogen chloride. The wichloroheptylamine had n5 1.4828; hg 1.1857; Found MR 
52.67; Calculated MR 52.55. 


Found %: C 38.22, 38.40; H 6.48, 6.44; N 6.45 


CHHYCLN. Calculated %: C 38.44; H 6.40; N 6.40 


The benzoy! derivative melted at 91-92° (from aqueous alcohol). 


Found %: N 4,30, 4.45 
Calculated %: N 4.34 


CyHyC 1,NO. 
SUMMARY. 
1. By the reaction of tetrachloroalkanes and trichloroalkenes having the structures CCI¥YCH, Cl and 


CCl, = CH(CH )p C! with ammonia, the following amines have been prepared: CH, 
CC}, = CH(CH, CCl, = CH(CHy )s NHy, CCl, = CH(CH, )yNHg, and their benzoyl derivatives. 
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: 
2. Hydrogenation of polychioro nitriles of structure CCL(CH, and CCl, = CH(CHg)sCN by meats of 
hydrogen under pressure in presence of Raney nicke) has yielded amines of structure: CHC1{CH,),NH, and CCl, = 
= CH\CHg and their benzoyl derivatives. 
3. 6,6,6-Trichlorohexylamine has been prepared by the action of hydrazoic acid on 1,1,1-trichlorohep- 
tsnoic acid. The tichloroheptanoic acid was prepared from 1,1,1,5-tetrachloropentane by the malonic ester syn- 
thesis. The acid chloride-and amide of 7,7,7-tichloroheptanoic acid have been prepared. * 
; Institute of Organic Chemistry 
R 4, 1953. . 
4 of the USSR Academy of Sciences 
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METHODS FOR THE PREPARATION OF MIXED ALKYL ORTHOTITANATES 


HAVING THE STRUCTURES (RO)sTiOR* and (RO),Ti(OR"), 


A. N. Nesmeyanov and O. V. Nogina 


Among the organic compounds containing titanium, no compounds are known in which alRoxy] groups of ~ 
more than one kind are present. Such compounds, however, are undoubtedly of interest from the point of view 
of reactivity and of their application fer purposes of synthesis, particularly for the synthesis of titanoxane com- 
pounds. We considered that, of the possibie methods of eynthesis of mixed alky] orthotitanates, the most promis- 
ing were (a) the complete alkoxylation of alkoxyhalotitaniums: “of, the type (RO)nTix,-p, where n=l, 2, 3, and 
(b) the action of titanium tetrachloride on a mixture of alcohols | in presence of substances that will bind hydrogen 


‘ 


In titanium chemistry alcoholysis of the bond Ti- cl is effected by the action of sodium alkoxides or of 
alcohols in presence of ammonia and amines. “Having regard to our experience in working with alky! orthotita- 
nates, we decided to effect the synthesis of mixed alkyl! orthotitanates by the action of alcohols on alkoxyhzlo- 
titaniums in presence of ammonia and amines in accordance with the equation: 


(RO}p Ti%—n + (4—2)R'OH + REN + RUN HX. 


The alkoxyhalotitaniums accessible at presemt are trialkoxychlorotitaniums [1] and alkoxytrichlorotitaniums 

(2). With regard to dialkoxydichlorotitaniums, these are readily accessible only in the form of double compounds 
with alcohols [3, 4]. Their preparation free from alcohols presents some difficulties, and their use as starting ma- 
terials for the synthesis of mixed esters of orthotitanic acid is therefore inconvenient. 


The second method for the synthesis of mixed alkyl crthotitanates, which consists in the direct action of 
titanium tetrachloride on a mixture of alcohols in presence of ammonia and an amine is the simplest and most con- 
venient, since it yields these compounds in one stage from very accessible starting substances, It 1s probable, how- 7 
ever, that in the application of this method, a mixture of products will be obtained in a number of cases. oa 


Study of the chemical properties of alky] orthotitanates has shown that in the lower members the alkoxy 
groups are very mobile. They are, for example, very readily eliminated by the action of chlorine and bromine [4], 
and also, in a number of cases, by the action of pyridine hydrochloride [5] The ready hydrolysis of alkyl orthotita- ce 
nates points in the same direction [6] It was to be expected, therefore, that it would be necessary to prepare mixed 
esters of orthotitanic acid under mild conditions in order to avoid their disproportionation, leading to the formation 
” of a mixture of products, e. g. as fcllows: 


4(RO)sTiOR heat” + (R'O),Ti. 
In view of these considerations we carried out the synthesis of mixed alkyl orthotitanates in the cold, dis- 


tilled off the solvent at a pressure of 25-40 mm, and distilled off the esters at 1-2 mm; distilling only a small 
amount at a time. 


We have studied the action of isopenty] alcoholn chlorotriethoxytitanium, of ethyl and isopentyl alcohols 
on chlorovripropoxytitanium, of ethyl, propyl, isopropyl, and allyl alcohols on chlorotriisopentyloxytitamum, of iso- 
pentyl alcohol on trichloro(2-methoxyethoxy)titanium, of hexyl] alcohol on trichloroisobutoxytitanium, of iso- 
propyl alcoho) on trichloro(2-ethoxyethoxy)titanium, and of ethyl] alcohol on trichloroisopentyloxytitanium, In 
‘ some of the reactions ammonia was used to bind the hydrogen chloride, and in others pyridine and ammonia were ae “ 
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introduced successively into the reaction mixture [7] In reactions performed in presence of ammonia and without 
add:ton of pyridine to the reaction mixture, it was not found possible to obtain completely pure mixed eszess of 
orthotitaaic acid. Analysis 0; the products gave carbon conients chat were too high (by abort Fe). 


When the reactions were carried out in presence of pyridine with subsequent addition of ammonia, a number 
of mixed alxy! orthotitanates were obtained ir the pure state. Thus, under these conditions it was found possible - 
to effect the smooth, complete alkoxylation of aikoxychloroutaniums by the action of primary alcoho!s (ethyl, pro- 
py!). secondary alcohols (isopropyl), primary alcohols having a branched chain (isopentyl), and unsaturated alco- 
hols (al!y1). the following esters were obtained: ethyl tiisopenty], triisopentyl isopropyl, isopenty] wipropyl, and 
allyl trusopentyl orthotitanates, All these substances are rather viscous, hygroscopic, readily bydrolyzabie, color-- 
less liquids, which can be vacuum distilled. It must be pointed out that the thermal stability of the mixed alkyl - 
orthotitanates vanes greatly according to the nature of the alkoxy] groups present. Some of the substances obtained 
withstood two vacuum distillations, whereas others, already in the second distillation, boiled over a range of 15-20°, 


in a number of cases we succeeded in obtaining mixed alkyl orthotitanates by the direct action of titanium 
tetrachloride on a mixture of alcohols in prese-.e of seme: and ammonia, - Inte genesai form, this reaction may 
be expressed a: follows: 


nROH + (4—n)R'OH + TIC, + —> (RO)p + HCL 


When allyl and isopenty] alcohols were taken in a molar ratio of 1: 3, allyl wiisopentyl orthotitanate was ob- 
tained, When the alcohols were taken in €quimolecular proportions, the reaction product was dially] diisopenty) 
ortnotitanate, Finally, when allyl and isopenty] alcohols were taken in the ratio 3:1, wiallyl isopenty] orthoritanate 
was obtained, In each case the ester named was the sole reaction product. 


It must be pointed out that the course ‘of the reaction of a mixture of alcohels with titanium tetrachloride de- 
pends on the nature of the alcohols taken. Thus, by the action cf titanium tetrachloride on an equimolecular mix- . 


tue of isopentyl and propyl alcohols we obtained a 33% yield of isopenty] tripropyl orthotitanate, but no diisopenty] 
dipropyl orthotitanate. 


The mixed alky! orthotitanates prepared by this aetad were also viscous, hygroscopic, readily hydrolyzable 
liquids, which could be vacuum-distilled.. The isopentyl tripropyl orthotitanaté obtained by this method was found 
to be identical in all its properties with the substance obtained by the action of isopenryl alcohol on chlorowipropoxy- 
ttanium. In the same way the substances obtained by the action of allyl alcohol ot, chiorotiisopentyloxytitanium 
and by the action of titanium teuachlor:de on a mixture of the comesponding alcohols were found w be identical. 


EXPEIMENTAL 


All of the experiments described below were carried out with carefully dried reactants under conditions om 
prevented access of atmospheric moisture to the apparatus. 


Prer-ration of Mixed Alkyl Orthotitanates by the Action of Alcohols on A lkoxy- 
cnlorotitaniums 


Preparation of Triisopentyl Isopropyl Orthotitanate i-C.H OTif{OCH,CH,CH(CHs;),] 


A solution of 11.60 g (0.03 mole) of chloroviisopentyloxyiitanium in 60 ml of benzéne was added slowly from 
a dropping funnel wo a stirred, cooled (ice water) mixture of 2.00 g (0.03 mole) of isopropyl alcohol, 2.70 g (0,03 
mole) of pyridine, and 60 m] of benzene contained in a three-necked flask fined with mercury-sealed stirer, drop- 
ping funnel, and reflux condenser. Ammonia was then passed into the flask for two hours. The precipitated pyri- 
dine nydrochioride and ammonium chloride were filtered off, and benzene and unchanged pyridine were distilled ' 
off at 25-30 mm. The triisopenry] isopropy! orthotitanate formed in the reaction was distilled off under reduced 
pressure; it came over at 154-155°(1.5 mm); ag 1.4870; yield 65%. 


Found %: C 5€.60, 58.70; H 10.93, 11.19; Ti 13.00, 13.10 
CsHPTUOCSHy Calculated %: C 58.68; H 10,94; Ti 13,00 


Preperation of Ethyl Triisopentyl Orthotitanate 


The procedure of the previous experiment was followed, the substances taken for reaction being 2.00 g (0.043 
mole) of ethy! elcohol, 3.40 g (0.043 mole) of pyridine, and 15.00 g (0.043 mole) of chlorotiisopentryloxytitanium, 
Ammonia was passed into the reaction mixture for two hours. The substance obtained after removal of benzene and 
unchanged pyridine distilled at 151-153°(2 mm); n¥ 1.4910; yield of crude product 85. 


Found %: C 57.87, 58.14; H 11.06, 10.87; Ti 13.52, 1254 
CH OTUOC )s. Calculated %: C 57.61; H 10.80; Ti 1352 
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Prep-ration of Allyl Triisopentyl Orthotitanate CH; = CH — 


The same procedure was followed, the substances taken for reaction being 2,59 g (0.043 mole) of allyl alco- 
hol, 3.40 g (0,043 mole) of pyridine, and 15,0 g (6.043 mole) of chlorowiisopenryloxytitanium. Ammonia we- 
inw the reaction mixture for two hours. The subsiance obtained distilied az 162.5-163.5° (1.5 mm), 

4960; yield of crude product &2%. 


Found %: C 59.36, 58.85; H 10.65, 10,50; Ti 13.19, 1 13.07 
Calculated 59,00; H 10.45; Ti 13,07 


Preparation of Isopenty] Tripropyl Orthotitanaie 


The same procedure was followed, the substances taken for reaction being 4.06 g (0.046 mole) of isopenty! ; 
alcohol, 3.6 g (0.046 mole) of pyridine, and 12 g (0.046 mole) of chlorovipropoxytitanium, Aner was passec 
into the reaction mixture for two hours. The substance obtained distilled at 127-130° (1 mm); nd 1.4950;. ‘yield 


8Ph. 
Found %: C 53.67, 53.92; H 19.38, 10,50; Ti 15.68, 15.74 
. Calculated C 53.84; 16,33; ‘Ti 15.33° 
Preparation of Triisopentyl] Propyl Orthotitanate n-C sHyOTi(OC 

i. The same procedure was followed, the substances taken for reaction being 2.10 g (0.034 mole) of propyl al- 
cohol, 2.76 g (0.034 moje) of pyridine, and 12.26 g (0.035 mole) of chlorotrisopentyloxytitanium. Ammonia was 
into the reaction mixture for two hours, The substance obtained dsuilled at 149,5- 5-2 

1,4893; yield of crude product : 

£ Found %; C 59,11, $9.17; H 11,94, 10,87; Ti 12.89, 19,83 
CsHPTHKOC Hy; Calculated %: C 58.68; 
- 4 Preparation of Mixed Alkyl Orthotitanates dy the Action of Titanium 
= 3 Tetrachloride on a Mixture of Alcohols 
Preparation of Allyl Triisopentyl Orthotitanate — CH = CH, 
e. A solution of 21,5 g (0.113 mole) of titanium tetrachloride in 66 ml of benzene was added slowly w a stirred 


e and cooled (ice water) mixture of 30 g (0.340 mole) of isopenryl alcohol, 6.6 g (0.113 mole) of ally! alcohol, 35.9 
g (0.45 mole) of pyridine, and 60 ml of benzene coniained in a three-necked flask fitted with mercury-sealed stir- 
rer, diopping funnel, and reflux condenser. When the whole of the titanium tetrachloride had been added, ammonia 
. was passed for two hours. Precipitated pyridine hydrochloride and ammonium chloride were filtered off, and ben- 
&€& zene and unchanged nyridine were distilled off at 25-35 mm. The residual viscous liquid al) distilled over at 149- 
: 149.5°(0.5 mm). In a second distiliation the substance distilled at 157.5-158°(1 mim); nB 1.4960; yield of crude . 
product 27.5 g (66%). 


- Found %: C 58.95, 58.94; H 10.60, 10.50; Ti 13.15, 13.24 
Calculated: 59,00; H 10.45; Ti 12.07 - 


Hence, in this experiment, the sole ritanium-containing product obtained was ally! tiisopenty) orthotita- 


nate, identical in all its properties with the substance obtained by the action of allyl alcohol on chlorowipentyloxy- ~ 
titanium, as described above. 


=f Preparation of Dially] Diisopentyl Orthotitanate (CH; = CH — CH,0),Ti(OCs5H,;-i), 


The procedure of the preceding experiment was followed, the substances taken for reaction being 13.2 g (0.22 
mole) of allyl alcohol, 20.0 g (0.22 mole) of isopenty] alcohol, 35.9 g (0.11 mele) of pyridine, and 21.6 g (0.11 . 
mole) of titanium tetrachloride. Ammonia was passed into the reaction mixture for two hours, The dially] diiso- 

pentyl orthotitanate obtained distilled at 160-161,5°(1 mm); 1,5950; yield of crude product 77, 


Found %: C 57.41, 57.15; H 9.58, 9.86: Ti 14,49, 14.35 
(CsHO),THOC Hy; Calculated %: C 57.14; H 9.59; Ti 14,24 


Preparation of Triallyl Isopentyl Orthotitanate (CH, = CH — 


The same procedure was followed, the substances taken for reaction being 19.8 g (0.34 mole) of allyl alco- 
hol, 10.0 g (0,11 mole) of isopentyl alcohol, 35.9 g (0.45 mole) of pyridine, and 91.6 g (0.11 mole) of titanium 


‘tetrachlonde. Ammonia was passed the reacticn mixture for two hows. The trialiy} isopenty) orthotitanate 
obtained distilled at 150-152°(1 mm); ny 1.5222 yield of crude product 27 g (77.5%). © 


Found %: C 54.45, 54.30; H 8.71, 8.68; Ti 15.74, 15.72 
Hig Calculated %: C 54.90; H8.56;. Ti 15.64 


iz 2 second distillation the substance distilled over a wide ratige, 151-165°(1 mm), evidently owing w dis~ 
proportionation of triallyl isopenty) orthotitanate, effected by heat. 


Preparation. of Isopentyl Tripropy) O:thotitanate <H,,-i 


The same procedure was followed, the substances taken for reaction being 10.5 g (0.17 mole) of propy! 

alcohol, 15.5 g (0.17 mole) of isopenty) alcohol, 27.8 2 (0.35 mole) of pyridine, and 16.7 g (0.088 mole) of 
tiiamium tetrachloride. Ammonia was passed into the reaction mixture for two hours. Afte: removal of benzene 

and unchanged pytidine there re mained 26.9 g of a viscous liquid, which corresponded to almost quantitative 
uulizaticn of the mixture of alcohols taken. This liquid distilled over the range 152.5-164° (2 mm), and from 
the lower fraction in a second distillation a product b.p,.128-130°(1 mm) and a5 1.4940, was isolated; it was 
identuc] in all of its properties with the isopentyl wipropyl orthotitanate obtzined by the action of isopenty] alco- 
hol on chlorotipropoxyllianium (see above). Analysis confirmed that the product had this composition. : 


Found %: C 54.25, 54.10; H 16,40, 10.48; Ti 14,80, 14.89 
(CsH 0), TIOC Calculated 53.84; H 10,33; Ti 15.33 


The yield of pure isopenty] tripropyl euhetisaneee was 33, based on the amount of propyl alcohol taken, 
- The higher-boling fractions ‘of the mixture of products obtained were not investigated further. 


Disproportionation of Isopenty] Tripropyl] Orthotitanate when Heated 


Pure isopeary] tripropyi orthotitanate (5 g) from the preceding experiment was distilled under more severe 
condtions (6 mm). During distillation the substance underwent disproportionaticn, as evidenced by the fact that 
it distilled over the range 154-174°, e 


SUMMARY 


1. A method for the synthesis of mixed alkyl orthotitanates has been deveioped: it consists in the action of 
alcohols on alkoxychlorotitaniums in presence of pyridine and, ammonia. 


_ Another method for the synthesis of mixed alkyl cotuneanien has been developed: it consists in the ac- 
tion of 1 Ulanlum tetrachloride on a mixture of alcohols in presence of pyridine and ammonia. 


3. Members of a previously undescribed class of compounds have been prepared: tiisopentyl isopropyl ortho- 
titanate, ethy] isopentyl orthotuanate, ally] wiisopenty] orthoritanate, triisopenry! propy! orthotitanate, isopenty] 
tripropyl orthotitanate, triallyl isopentyl orthotitanate, and diallyl diisopenty] orthotitanate. 


_When this peper was already prepared for publication, an article [8] appeared in which the preparation of 
scme dialkyl diary] orthotitanates by the partial wansesterification of tetrabutyl orthotitanate is described. The 
products described, however, were not purified in any way, and the analytical zesults given for titanium are in 
good agreement also with an equimolecular mixture of the corresponding symmetical alkyl orthotiianates, In the 
same paper the author refers to his preparation of 2-chloroethyl orthotitanate and benzy] orthotitanate, substances 
already described by us in 1951 {4} 

Keceived March: 27, 1953. Institute of Organic Chemistry of the USSR Academy of Sciences 
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2-AMINOVINYL KETONES 
COMMUNICATION 2. SOME REACTIONS OF ALKYL 2-DIALKYLAMINOVINYL KETONES 


N. K. Kochetkov | 


In the previous commuhication [1] which was concerned with the synthesis of alky! 2-dialkylaminovinyl 
ketones, we suggested, on the basis of an examination of the physica] properties of these compounds, that their 


molecules possess high polarization: 


Such polarization, of course, should be reflected in the chemical properties of alky] 2-dialkylaminc - 
viny!] ketones, and some of these properties are examined in this paper. 


In acconi with the above scheme, which indicates an electronic itanuainad from the iueeienn to the car- 
bony] group, 11 may be expected that, in comparison with their saturated analogs, the Mannich bases, alky] 2-di- 
we alkylaminoviny] ketones will show suppression of basic properties and reduced activity, both at the double bond © 
:. and at the carbonyl] group. The question of the reduction in basic properties has already been considered by us [1]. 


3 In order to decide the question of the activity of the double bond, we have studied the catalytic hydrogenation of 
he these compounds, 


iE The question of the hydrogenation of vinylogs of amides, to which class alkyl 2-dialkylaminoviny] ketones 

££ belong, cannot be regarded as settled. The results of one group of invesugators [2] indicate that vinologs of amides 

(more complex in structure than the compounds that we have prepared) do not undergo norma! hydrogenation, but 

_ ¢ suffer hydrogenolysis at the C — N bond. On the other hand, the results of othef-authors indicate that 1-dimethyl- 
amino-1,4-hexadien-3-one CHsCH = CHCOCH = CHN(CHsg), undergoes normal hydrogenation at both double bonds, 


: Our experiments on the hydrogenation of alkyl 2-dialkylaminoviny] ketones have shown that these compounds 
& absorb hydrogen with great difficulty. Thus, when palladium on carriers (charcoal, barium carbonate) is used, hy- 
4 drogenation stops completely when about 0.05 of a molecular proportion of hydrogen has been absorbed. When 

a . platinum oxide is used, hydrogenation again goes very slowly: in the course of 10-15 hours one molecule of hydro- 
¢ gen is absorbed, and in all cases about half of the original alky) 2-dialkylaminoviny] ketone remains in the reac- 
ee tion mixture and, owing to hydrogenolysis of the C — N bond, a saturated ketone is formed. We have made a de- 
tailed investigation of the hydrogenation of 4-diethylamino-3-buten-2-one in presence of. platinum, From _the 

a reaction mixture we isolated some of the original substance, and we showed that 2-butanone, identtied as the di- 


J nitrophenylhydrazone, and diethylamine, isolated as the picrate, were formed. None of the normal ieaction prod- . 

4 uct (4-diethylamino-2-butanone) was formed. It may be concluded from this behavior that the primary reaction 

2 during hydrogenation leads w cleavage of the C — N bond, and the 3-buten-2-one formed is hydrogenated at the 

A double bond: 

CHsCOCH = CHN(C3Hs NH(C3Hs + CHSCOCH =CH, CH COC 

; 

4 The other possibility — first hydrcgenation of the double bond, and then hydrogenolysis — must be excluded, since 

Se ; it is well known that Mannich bases form amino alcohois when hydrogenated, and do not undergo hydrogenolysis ee 

at the C — N bond [4]. 
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Our experiments, therefore, confirm the results concerning the hydtogenolysis of vinologs of amides and raise 
doubts conceraing the results of British authors, which indicate that alkyl 2-aminoviny] ketones undergo normal 
hydrogenation [3] Cur results indicate not only the lability of the C — N bond, but also the strong suppression of 
the double bond in alky] 2-dialxylaminoviny) ketones, 


4 second fact that demonstrates particularly clearly the deactivation of the double bond is the complete 
ross of dienpphilic activity in aminoviny] ketones, A$ 1s well known, a,8-unsaturated ketones are among the most 
active dienophiles, 3-Buten-2-one, for example, reacts very vigorously with cyclopemtaaiene [5} Alkyl 2-chlomw- 
vinyl ketones, though not reacting so vigorously, are still very active dienophiles [6, 7] and they condense w the 
exteat of 70-85% with cyelopentadiene at mom temperature. On the conwary, 4-dimethylamino-3-buien-2-one 
does not react with cyclopentadiene, one of the most active dienes, even when heated for many hours at 180°: ir 
may all be recovered unchanged. 


; In order wo clarify the question of the activity of the carbonyl group in aikyl 2-dialkylaminoviny] ketones, it 
was of interest to study their reacuon with nitrogenows bases, It might be supposed [8] that, owing to the mobility 
oi the dialkylamino group, the reaction would go in a way similar to that already found by us for alkyl 2-chlomw- 
vinyl ketones [9, 10], 1.e., would be accompanied by cyclization and formation of the corresponding heterocycle. 
We selecied the reaction of alky] 2-dialkylaminoviny! xezones with hydroxylamine for detailed investigation. It 
was found that, when alkyl 2-dialkylaminoviny] kétones were heated with hydroxylamine in methanol for 5-6 hours, 
alkylisoxazoles were formed smoothly in 65-85% yield, so that in this respect dialkylaminovinyl kevones react like 
2-chloroviny! ketones. Investigation of the alkylisoxazoles formed, however, showed that there is an essential dif- 
ference between these reactions. When alkyl 2-chloroviny] ketones react with hydroxylamine hydrochloride, then 
as Kochetkov, Nesmeyanov, and Semenov showed [10] the iscxazoles obtainec consist of a mixture of 3- and 5- 
alxyl compounds (y - and a-isomers), in which there is 60% of 5-alkylisoxazole. Treatment of the alkylisoxazoles 
obtained from alky] 2-dialkylaminovinyi ketones. with sodium alkoxide, following Claiscn [11] gave the sodium 
salt of the corresponding §-keto nitrile in more than 90% yield. This indicates that the isoxazoles formed consist 
mainly of 5-alkylisoxazole (a -isomer), and at is possible, considering the imperfections of the Claisen method 
’ from the analytical point of view, that pure a@ -isomer is actually obtained. The dominant direction of the reaction 
between aminovinyl ketones and hydroxylamine may therefore be expressed by the equation 


CH -CH 
RCOCH =CHNR,+NHOH —> || 
N ¢-2 
This result indicates quite definitely that the first step in the reaction is the replacement of the dialkyl- 
amino group by a hydroxylamine residue, after which cyclization occurs, It will be seen from this that the func- 
uous of the carbony) group in 2-aminovinyl ketones, unlike those of the carbonyl group of 2-chloroviny] ketones 
(which give about 40% of y -isomer, formed by primary reaction of hydroxylamine at the carbonyl), are largely 
Suppressed, so thai it does not exhibit its typical reactivity toward: a nucleophilic reagent, such as hydroxyl- 
amine. -: This is quite understandable from the poini of view of the hypothesis advanced above concerning the great 


electronic displacement in the molecule of an aminovinyl ketone, ieading to a reduction of the positive charge on 
the carbonyl carbon. 


The condensation of alky] 2-dialkylaminoviryl ketones with hydroxylamine is of importance also from the 
preparative point of view. By the aid of this reaction pure, or almost pure, 5-alkylisoxazoles can be prepared, 
and these have previously been difficultly accessible. The cleavage of 5-alkylisoxazoles by means of scdium alkox- 
ide has an interest of its own, since by this means, from aminovinyl ketones via isoxazoles, veiy difficultly ac- 
cessible B-kew nitriles can be optained with an overall yield of 60-65%: 


CH-CH 


ONa 


he possibilines for the utilization of 2-aminoviny] ketones for the synthesis of heterocyclic compounds are 
not confined tw the preparation of isoxazoles, We have previously described the synthesis of 6-alky!-2-hydroxy- 
nicounonitriles by the condensation of acetals of B-keto aldehydes with 2-cyanoacetamide in presence of piperi- 
dine acetate {12} We then suggested that this reaction goes through the intermediate formation of 2-(i-pipen- 
Gyl)aminovinyl ketones, With the object of verifying this supposition, we have studied the reaction of alkyl 
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2-dialkylaminoviny] ketones with 2-cyanoacetamide, and we have found that this reaction proceeds very smoothly 
when a mixture of the reactant is heated in aqueous solution, the product being a 6-alky]-2-hydroxynicotinonitrile: a 


CHNR,' 
* 


HN 


This reaction is appreciably thore rapid than the condensation of acetals.of 8 -keto aldehydes with 2-cyano- 
acetamide, and, what is more important, it does not require the use of a condensing agent. . This 1s a strong argu- 
ment in favor of cur views on the mechanism of the reaction of acetals of 2 -keto aldehydes with 2-cyanoacetamide 
[12], and we are inclined w the opinion that the.condensations of 2-hydroxyviny] ketones [14] and 6 -giketones[121__ 
with 2-cyanoacetamile in presence of pyridine’ also go accordiug w a similar scheme, i,e., via the intermediate 
formation of a 2-(1-p:peridyl)aminoviny] ketone. 


From the preparatrve point of view, the modified synthesis of substiwted 2-hydroxypyridines described in 
this paper must be preferred tc our previously developed synthesis via acetals of B-keto aldehydes, for reaction with 
2-aminoviny] kewnes is more rapid; also, the latter substances are more convenient to work with and can be pie- 
pared in better yields than acetals of B-keto aldehydes. The variant of the synthesis that we now propose is ren- 
dered simpler also by the fact that it is not necessary w isolate the 2-aminoviny] kewne from the 1eaction mixture: 
the aqueous solution obtained by the condensation of an alky] 2-chloroviny] ketone with a secondary amine, which 
contains the 2-aminoviny] ketone and a small excess of amine, is heated with 2-cyanoscetamide, and the hydruxy- 
nicotinonitrile separate: rapidly in a yield that does not diffcr appreciably from that obtained when working by the 
original method {12} In this form, the synthesis of 2-hydroxypyridines, which is essentially based directly on alkyl - 
2-chloroviny] ketones, is the.most conveniem of the known methods for the synthesis of these compounds, 


We have also investigated the reaction of alkyl 2-dialkylaminovinyl ketones with the Grignard reagent. 
4-Dimethylamino- or 4-diethylamine-3-buten-2-one was treated with methylmagnesium iodide unde: the usual 
conditions, and after Armes of the reaction mixture, 3-penten-2-one was isolated ia about 20% yield aad 
identified in the form of the dinivrophenylhydrazone: 


CHgCOCH=CHN(CHy), + CHsMgl —> CHsCOCH=CHCH,. 


This result is deserving of attenucn, particularly in view of the fact that simple alky] 2-chiorovinyl ketones 
are known to react with omazhomagnesium Compounds in the usual way, forming 2-chlorovinylcarbinols [15] we 
again appear w have an example of the relanve inacnvity of the carbonyl group of a 2-dialkylaminoviny) ketone 
toward a nucleophilic reagent, un consequence of which the attack is directed to the B-catbon atom. The question 
of whether the reaccioz goes by 1,4-addition of the orpgenomagnesium compound or by direct replacement of the 
dialkylamino group requires special investigation. "we are inclined to the second supposition, because the formation 
of 3-penten-2-one can be established in the reaction mixture before it is hydiolyzed. 


It was considered also that an investigation of the reaction of 2-dialkylaminoviny] ketones with alky] halides 
would be of interest. Im this case, owing to the conjugation of the electron pair of the nitrogen atom with the double 
bond, transfer of the 1eacnon | center could be expected; such transfer, according to Nesmeyanoy's results [16], plays 


a decisive part in the reactions of systems of this sort. We have as yet investigated only one example of this reac- 
tion, 


When 4-dimethylamino-3-buten-2-one was heated with excess of methyl iodide, a crystalline substance was 
quickiy precipitated from the reaction mixture; it was readily soluble in water and contained halide ions: in analy- 
sis it commesponded to an addition product from one molecule of methyl iodide and one mole of the aminovinyl ke- 
tone. This compound was hydrelyzed with boiling water, and 4-hydroxy-3-methyl-3-buten-2-one CHsCOC(CH s)"C HOH 
was isolated from the reaction mixture. The overall reaction may, therefore, be represented by the equation: 7 


CH, 
+ CHsi CHsCOC=CHOH + (CHy),NH- HI. 


It is more convenient to carry out this reaction without isolating the intermediate addition product: 4-dimethyl- 
amino-3-buten-2-one is heated with an excess of methyl iodide, water is added to the reaction mixture, the excess 


“i of methy! iodide is driven off by heat, and the reaction product is extracted with ether. By this means the hydroxy- 
j methylbutenone was isolated in 17.4% yield. 
. 
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Reaction of methyl iodide with 4-dimethytamino-3-bisten-2-one, therefore, with of the reac- 
er, the nucleophilic attack being directed to the B -carbon atom: - 


CHs 


Jt should be noted in this connection that ‘simeatiaesiads ketones (the so-called Mannich bases) form normal 
alkiodides, In the saturated isolog: of aminovinyl ketones, therefore, the transfer of reaction center no longer occurs, 
Why, in the alkylation of a dialxylaminovinyl ketone, the reaction center is not transferred to the end of the iano 

gated system (formation of an O-derivative) remains obscure, 


It ts probable that, when methyl] iodide reacs with 4-dimecthylamino-3- buten-2-one, chose is direct alkylation 
at the’ a-carbon atom, and not rearrangement of an initially formed methiodide. This view is supported by the fact 
that in the methylation of 4-diethylamino-3-buten-2-one, again only 4-hydroxy -3-methy]-3-buten-2-one is formed, 
and the 4-hydroxy-3-ethyl-3-buen-2-one CHyCOC(CH,)=CHOH that might be expected 1s not formed. 


Our reaction can probably be represented by the following scheme: 


CH 


CHYCOCH > > \CHsCOCH-CH= I’ —> CHyCOC(CH,)=CHOH. 


We have found one seaction in the literature that is close in character to-the one described, Robinson [17] 

investiga ting the reaction of ethy] 3-diethylaminocrotonate with methy) iodide, found that when the reaction mix- | 

ture was hydrolyzed ethyl 2-methylacetoacetate was obtained. In a further study of this reacticn, other authors [18], 
. using ethy! iodide, also concluded that direct alkylation at carbon occurred, 


Our investigation of the properties of alkyl 2-dialkylaminovinyl ketones has, therefore, indicated the highly 
peculiar nature of these compounds, It should be mentioned further that all of the compounds obtained give a color 
with ferric chloride. {t is possible that this is to be explained by hydrolysi: of the aminoviny] ketore to a 6 -keto 
aldehyde It may be, however, that the nature of this phenomenon is more complex, for when anhydrous ferric chloride 
is added to a solution of an aminovinyP ketone in absolute ether, an intensely colored, ether-insoluble oil is precipi- 
tated. This indicates that the <olored compound has a saltlike structure, for exampie 


Re =CH-CH = 
OF eCi, 


Such a hypothesis, though nor yet confirmed experimentally, is in accord with the general character of alkyl 
2 ~dialkyla ininovinyl ketones. 


EXPERIMENTAL 


Hydrogenation of 4-Diethviamino-3-buten-2-one 


4-Diethylamino-3-buten-2-one (5.0 g) was hydrogenated in alcohol (40 ml) in presence of platinum oxide 
(9.15 g) at room temperatwe. Absorption of hydrogen was very slow: 750 ml of hydrogen (calculated for one mole- 
cule €00 m}) was absorbed in 11 hours, and hydrogenation then came practically to a stop, The catalyst was filtered 
off, and the filtrate was distilled from a water bath, a fraction boiling up to 85° being collected. The residue was 
vacuum -distilled, and it all over at 122-124 (5 mm) (2.1 g). After a second distillation the substance had 
b.p. 123-124°(5 mm) and nb 1.5358, which corresponds to the constants of the original 4-diethylamino-3-buten-2-one, 


The fraction of the filtrate boiling up to 85° at normal pressure was acidified with 10 ml of 10% hydrochloric 
acid and again distilled to dryness. The distillate was saiurated with dinitrophenylhydrazine, and on the next day 


the crystals that had precipitated were filtered off and recrystallized from alcohol (orange-red needles, m.p, 114-115°). 


A mixture melting point with the diniurcphenylhydrazone of 2-butanone showed no depression. 


he dry residue from the distillation was weated with 20% caustic soda and extracted with ether. The extract 
was washed with water, dried over magnesium sulfate, and saturated with picric acid, The precipitated crystals were 


filtered off and recrystallized from alcohol, yield ng yellow cryteh, m.p, 153- 156". A mixture melting point with 
diethylamine picrate showed no depression. 


ity 


5- -Methytisoxazole 


1.0224; nf} 1.4368; found MR 21.28; calculated for MR 21.39 (nitrogen increment 2.84 [10D. 


A mixture of 14.0g of 1.5 g of hydroxylamine hydrochloride, and 40 ml of 
methanol was heated for five hours. A hot solution of 70 g of cadmium chloride in 50 mi of water was then added 
to the hot reaction mixture, and after a few hours the crystals that had precipitated were filtered off, pressed dry on 
the filter, slightly moistened with water, and cry-distilled frorh a small distiliation flask. The lower layer of the 
distillate was separated, and the upper layer was saturated with ammonium chloride and extracted with ether, The ; 
main portion of the product and the extract were united and then dried over magnesium sulfate. The ether was driven 
off, and the residue was distilled from a flask having a small fractionation column. The whole (4.9g, 59%) came 
over at 121-122°, After 1edistillation the methylisoxazole had the following constants: b,p. 121-122*(750 mm); 


The substance (1.0686 g) was dissolved in alcohol {10 m1) and treated, under cooling, with’ an alcoholic solu-’ 
tion of sodium ethoxide (1.0 g of sodium in 5 ml of alcchol), when a precipitate quickly formed. After 30 minutes 
30 ml of absolute ether was added, anc the precipitate was filtered off, washed with absolute ether, and dried ina 
vacuum. The weicht of the sodium derivative of acetoacetonitrile was 1.244 g, corresponding to a content of 92% 
of the 5-methyl isomer, The phenylhydtazone of acetoacetonitrile was prepared by treating the soc ium derivative 
with phenylhydrazine in aqueous medium, a little acetic acid being added. Recrystaliization from alcohol yielded 


colorless crystals, m.p. 100-101*°. The literature [19] gives mp. 101-102° for the of acetwaceto- . 
nitrile. 


5-Propylisoxazole 


A mixture of 13,0 g of 1-dimethylamino-1-hexen-3-one: 7.5 g of hydroxylamine hydrochloride, and 40 
of methanol was heated jor five hours, and to the mixtwré three times its volume of water was thea added. Theoil — 
that separated was extracted with ether, the extract was dried with magnesium sulfate, the ether was driven off, and 
the residue was distilled from a flask having a small fractionation column. The fraction of b.p. 159-161° (9.0g, 

89}o) was collected. After redistillation the propylisoxazole had the following constants: b.p. 161.0-161.5°; 
oe 0.9682; nB 1.4469; found MR 30,61; calculated for CHJONF MR 30.63; nitrogen increment 2.84 (cf. [10]. 


Found %: N 12.54; 12.62 
Calculated %: N 12.60 | 


The propylisoxaztie was a colorléss oil of characteristic odor... 


The substance (1.0120 g) was treated with an alcoholic solution of sodium ethoxide (1 g cf sodium in 15 ml 
of alcohol), as described fa the previous experiment. The weight of precipitated sodium derivative of 3-oxohexane- 
nivile was 1.1214, which céresponds to a content of 91.4% of the 5-isomer. The phenylhydrazone of 3-oxohexane- 
nitrile was prepared by the method given for the previous experiment; after crystallization fom alcoho] it melted 
at 96°, 


Found %: N 21,03; 21,10 “2 
CygHigNy. Calculated %: N 20.88 


2-Hydroxy -6-methylnicotinonitrile 


a) A mixture of 5,0. of 4-dimethytamino-3-buten-2-one, 4.5 g of 2-cyanoacetamide, and 50 m) of water : m4 
was heated at the boil, and after 10-15 minutes a crystalline precipitate of the condensation product began to form. 
After two hours at the boil, the mixture was cooled and the precipitate filtered off. The filtrate was boiled for a Es 


further two hours, and the small amount of precipitate that formed on cooling was filtered off and added to the main 
portion of the substance (4,1 g, 65%). Recrystallization fmm water yielded coloriess needles, m.p, 278-280°, A mix- 


ture melting point with an authentic sample of 2-hydroxy-6-methylnicotinonitrile showed no oyenin. For this 
Substance the literature gives m.p. 276-278° [12] 


b) 4-Chloro-3-buten-2-one (5.0 g) was added slowly to 25 ml of a cooled, vigorously stirred 40% aqueous so- 
lution of dimethylamine, A solution of 5.0 g of 2-cyandéacetamide in 20 ml of water was then added, and the mix- 
ture was heated to the boil. After 15 minutes the condensation product began to crystallize out,. and after one hour 


the. mixture was cooled and the precipitate filtered off (3.9 g, 59%). Recrystallization from water yielded colorless . i 
needles, m.p. 279-281°. 


2-Hydroxy-6-propylnicotinonitrile 

A mixture of 2,1 g of 1-dimethylamino-1-hexen-3-one, 1.5 g of 2-cyanoacetamide, and 20 ml of water was a 


heated at the boil for five hours, The mixture was cooled, and the crystalline precipitate was filtered off and washed 
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with cold water (1.75 g, 72%). Recrystallization from water yielded colorless needles, m.p. 147-148°, A mixture 
meltung point with 2-hydroxy-6-propylnicotinonitrile showed no ue er For this substance the literature gives 
mp. 147-148° 12}, 153° [24]. 


‘This was prepared following a similar procedure from 3.5 g of 1-dimethylamino -5-methy]-1-hexen-3-one and 
2.7 g of 2-cyanoacetamide. The condensation psoduet came down as an oil, which then rapidly and completely 
crystallized. RecrystaHization from alcohol yielded colorless needle>, m.p. 248-149" (2.9 g, 14, Fh). For 2-bydroxy- 
~6-isobutylnicotinoniwile the literature [14] gives m.p. 149-150°. 


Reaction of 4-Dimethylamino-3-buten-2- ~one with Methylmagnesium Iodide 


A solution of 41.0 g of 4-dimethylamino-3-buten-2-one in an equal volume of ether was added slowly to a 
vigorously agitated, cooled (ice and salt) solution of methylmagnesium iodiae prepared in the usual way from 47.0 s 
of methyl] todide and 7.0 g of magnesium in 250 ml} of ether. An oil was precipitated, and this rapidly crystallized; 
the characteristic sharp odor of 3-penten-2-one appeared in the reaction mixture. The mixture was stirred for three 
hours at room temperature, and 10% hydrochloric acid was then added under cooling uctil the precipitate was com- 
pletely dissolved. The ether layer was separated, and the aqueous layer was repeatedly exuacted with ether. The 
extracts were dried over magnesium sulfate, and the ether was distilled off from a flask fitted with a good fractiona - 
ting column, Distillation of the residue followed, a fraction boiling at 119-124* being collected. The redistilled 
substance had the following constants: b.p. 121-123*; d3® 0.8573; nf} 1.4390; found MR 25.81; calculated for 
CeO. MR 24.83, The yield was 6.9 g (19.8%). For 3- quent O-tat the literature {20} gives: b.p, 122-124% 

0.8577; nf} 1.4390. 


The dinitophenylhydrazone was einai in alcohol and recrystallized from the same solvent, yielding crange- 
ted needles, m.p. 153-154°. 


Found %: N 21.09; 21.32 
Calculated Fo: N 2121 


A mixture melting point with the:dinivophenylhydsazone of 3-penten-2-one showed no depression, 
Reaction of 4-Dimethylamino-3-buten-2-one with Methyl lodide 


a) A mixtwe of 25.0 g of 4-dimethylamino-3-buten-2-one and 52.0 g of methyl iodide was heated at the 
boil for six hours. When the reaction mixture was cooled, an appreciable quantity of crystals separated. Wate; 
(50 ml) was added to the mixture, and it was again heated at the boil for 3C minutes, when the greater part of the 
methyl iodide was driven off with steam. The mixture was cooled and extracted with ether, The extracts were 
dried over sadium sulfaie, the ether was driven off, and the residue was distilled. A fraction of b.p, 145-150° was 
collected; it solidified completely in the receiver. It was redistilled and then subjected to slow sublimation; the 
product (3.4 g. 17.5%) had b.p, 145-148°, m.p. 72° 


Found %: C 59.49; 59.53; H 8.18; 8.38 
CsHO,. Calculated%: C 59,98; H 8.05 


The substame, which was obtained as colorless, readily volatile crystals, was soluble in organic solvents and | 
difficultly soluble in water. It gave a reddish-violet color with ferric chloride. For 4-hydroxy-3-methyl-3-buten- 
-2-one the literature [21] gives b.p. 145-147°, m.p. 73° 


b) A mixture of 6.0 g of 4-dimethylamino-3-buten-2-one, 9.0 g of methy! iodide, and 30 ml of dry benzene 


was heated at the boil for four hours, and was then set aside for several days. The crystalline precipitate of condensa- 


tion product was filiered off and recrystallized from absolute alcohol, —— slightly colored crystals (4.5g, 33%), 
m.p. 120-122° (dec.). 


Found %: N 5.71; 5.62 
ONI. Calculated %: N 5.48 


The crystals were readily soluble in water, but did not dissolve in hydrocarbons. When silver nitrate was added 


to the aqueous solution, a precipitate of silver iodide quickly appeared. When the substance was treated with boiling ~ 


water, 2s described above, 4-hydroxy-3-methyl-3-buten-2-one, identical with that obtained by direct hydrolysis of 
the reaction mixture, was isolated. 


It is my pleasant duty to express my thanks to A. N. Nesmeyanov for his valuable advice and constant interest 
in the work. 
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SUMMARY 


1. Wher alkyl ketones are hydrogenated, hydrogenolysis of the nitrogea—casbon bond 
occurs, resulting in the formation of a saturaied ketone ind a secondary amine. 


~ 


2. When alkyl 2-dialkylaminoviny} ketones react with-hydroxylamine, S-alkylisoxazoles are formed; this: 
provides a convenient method for the synthesis of these compounds. 


3. When alkyl ketones react with 2-cyanoacetamide, 
are formed. 


4, When 4-dimethylaminoamino-3-buten-2-one reacts with 3-penten-2-one is 
formed. 


5. The reaction of 4-dimethylamino-3-buten-2-one goes with transfer of reaction center, and, as a result, 
is formed. 
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Bi SYNTHESIS OF STEROID COMPOUNDS AND RELA TED SUBSTANCES 

: COMMUNICATION XXIV. CONDENSATION OF 

3a,4,7, LINDENE 

WITH @.8-UNSATURA TED CYCUC KETONES 

# 1. N. Nazarov and M. S. Burmistrova 
“a In one of our previous communications [1] we described the synthesis of 3a,4,7,7a-tetrahydro- 1-32 -dimethyl- 
4 -3-vinylindene (1) and the diene condensation of this substance, with 2,4-dimethyl-2-cyclopenten-1l-one. (0). which 
led to the preparation of the tetracyc lic ketone having a B-norcardosterane “(Nazas6v's nomenclature 
4 for synthetc steroids, see [2]): 


CH, CH, 


4 Hs CH, 
au H Hy 
—Cc=CcH H=CH, 


du, 


q CHy~ 

q CHs 


As we have shown in this laboratory in other cases [3]. in diene condensation of a ,8-unsaturated cyclic ke- 
_ tones with bicyclic dienes of the type 1-vinyl-4}-octahydronaphthalene or 1-viny)-A)-hexahydroindene, the products 


always consist of mixtures of isomeric steroid ketones having the so-called “inverted” structure (having an inverted 


‘3 D-ring; Formula III), which differ among themselves either in spatia] arrangement or in the position of the double 

a bond formed in the diene condensation. Steroid ketones having the normal disposition of the D-ring (Formula IV) are arrigee 
a . apparently not formed in these condensations. 


_ In the present investigation we have studied the diene condensations of 3a,4,7,7a -tetrahyd:0-1-3a-dimethyl- 
y 3-vinylindene (1) with 2-cyclopenten-1-one (V), 2-methyl-2-cyclopenten-1-one (VI), 2-cyclohexen-1-one (VII), 


, 
CHy 
Hy 
bis. — © 
CH, 


2-methyl-2-cyclohexen-1-one (XIV), and also with citraconic anhydride (XVII) and p-benzoquinone (XX). These 
conde nsations were carried out by heating the diene ] at 130-170° with excess of the ketone in preszace of a carbon 
dioxide atmosphere or of 1% of dimethylaniline in a sealed glass tube. 


* As a result of the condensation of the diene J with the cyclopentenone y, the methylcyclopentenone VI, and... 
the cyclohexenone VII, yields of 30-40% were obtained of mixtures of isomers of 7,10-dimethy]l-2, 9-B-norcasdosteradien- 
-15-one (VII), 7,10, 14-uimethyl -2, 9-B-norcardosteradien-15-one (X), and 1,10-dimethyl-2, 9-B -norcardochrysadien- 
-15-one (XII) respectively, in the form of-viscous oils that did not crystallize even when strongly cooled ( ~35*, two 
hours): 


(XID) - 


When the 2,9-diene steroid ketones VIII, X, and XII were hydrogenated in presence of a platinum catalyst, 
only one molecule of hydrogen was absor bed, and the corresponding A*-steroid ketones IX, XI, and XIII were formed; 
these also were viscous noncrystallizing oils. As we have shown in other cases [3], when 2,9-diene steroid ketones 
are hydrogenated, only one double bond (position 2, ring A) is reduced, the double bond in the 9-pesition not being 
affecied; usually, this bond is hydrogenated only with great difficulty (high temperature and pressure). 


When the diene I was condensed with 2-methyl-2-cyclohexen-1-one (XIV), a viscous ofl was again obtained, 
but this partially crystallized after long standing. Both the liquid and the crystalline solid comesponded in composi- 
tion to the expected product of this diene condensation, Le., 7,10,14-trimethyl-2,9-R-norcardochrysadien-15-one (XV). 
when this ketone was hydrogenated in presence of a platinwn catalyst, one molecule of hydrogen was absorbed and 
7,10,14-uimethy! - 9-B -norcardochrysanen-15-one (XVI) was formed: 


Pt 
| 
H 
3 
CH, . Hs 
(1) 
WH 
H,C 
| & 
4 Hs 
| 46 


+ 
XIV ~_ ‘ 
4 H =o 
CH; 
(XV) (XVD 


The condensation of the diene I with citraconic anhydride (XVII) was carried out at room temperature in 
benzene solution or by boiling with glacial acetic acid. In this condensation a very viscous oil was obtained, which 
did Lot crystallize when eooled to — 35°; this, by analogy with other similar condensation reactions studied in our 
laboratory, should be a mixture of two isomeric anhydrides (XVIII and X1X): 


4A co 


] fers) 


room temp. t° 


H CH; 


(XVIn) 


(1) (XVID (XIX) 


A mixture of the corresponding acids was obtained in the form of a noncrystailizing oil by hydrolysis of the 
condensation product with alkali or aqueous acetic acid. 


The condensation of the diene I with p- benzoquinone (XX) was effected by heating a mixture of the components. 
in dioxane solution in a sealed glass tube 2! 69°. Thé condensation product formed pale-yellow crystals, m.p. 166° 
and consisted cf 7,10-dimethyl-2,9.16-L -zorcardochrysatriene-15,17a-dione (XXI). When this diketone was hydrogena- 
ted in presence of a platinum catalyst, three molecules of hydrogen were absorbed and the corresponding tetracyclic 
diketone (XXII) was formed; it formed colorless crystals, m.p. 141°. 


ra) 
| XX 
° CH 
i 60°, 3 hours 


In conclusion it must be pointed out that none of the tetracyclic ketones described in this paper give character- 
istic crystalline derivatives with semicarbazide, and, with the exception of the diketone XXI, which gives a normal 
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derivative, they all with 2 that have extended melting -point ranges and 
give a high nitrogen content in the 


©XPERIMENTA L 


8a-retrahvdro-3, 7a-dimethyl-1-indano} 
A 


solution of 9.2 g of sodium in 350 m! of liquid ammonia was placed un a three-necked flask fined with 
mechanical stirrer and thermomete:, and it was then stired vigorously and cooled with dry ice ( — 70°) while a 
curent of dry acetylene was passed at 20 liters per how for three hours. Stirring cf the sodium acetylide was con- 
tinued 2nd acetylene was passed (at 10 liters per hour) while a solution of 33°g of 3a,;4,7,8a-tetrahydro-3-72-dimethyl- 
-i-indanone (b.p. 92-92. 5* at 7mm; nF 1.4912) [1} in 75 ml of absolute ether was added at —70° over a peziod of 
39 minutes, after which stirring and passage of acetylene was continued for one hour. The reaction mixture was 
lefr evernight in a bath of dry ice. On the next day pracucally the whole of the ammonia was removed, and addi- 
uons were made of 100 m] of ether, 35 g of ammonium chloride, and 156 m! of water (from a dropping funnel). 
The ether layer was separated, and the aqueous lzyer was carefully extracted with ether. The product was washed 
with water, dried with sodium sulfate, and fracuonated, yielding 33.4 g om. 4%) of 1-ethyny]-3a,4,7, Sa- -tetrahydro-. 
-3,7a-dimethyl-1-.ndanol, b.p. 88-90" at 3 mm; 2.507091} 


The partial hydrogenation of this acetylenic aicoho] in presence of a Pd catalyst (cne melecule of hydrogen) 
yielded the previously described {1] 2a,4,7, 8a -tetrahydro-3;7a -dimethyl-1-vinyl-1-indanol, 


32.4.7, 7a-Tetrahydro-1,3a-dimerhyl-3-vinylindene (1) 


A mixture of 3g cf (b.p. 88-90° at 3.5 mm; 1.5045) 
2nd 1.5 of freshly calcined, finely ground potassium hydiogen sulfate was heated at 120° for ten minutes under re- 
duced pressure (95 mm). When cool, the mixture was carefully extracted with ether, the potassium hydrogen sulfate 
was degnece off, and the ethereal solution was washed with water, driéd with calcium chloride, and fractionally dis- . 

yielding 2.2 g of 3a,4,7 1,2a- dimethyl-3- vinylindene (1), b.p. 60-62° at 1.5 mm; 1,5070 [1]. 


Cendensation of $a,4,7,Ta- -1- 3a - -dimethyl-3- -vinylindene with 
2-Cyclopenten -l-one 


A mixture of 5g of the diene ] and 10g of 2-cyclopenten -1l-one (V) (b.p. 43-45° at 17 mm: aR: 1.4605) [4] 
was heated at 130° for 18 hours in a sealed giass mbe filled with carbon dioxide. The niixture was then vacuum- 
fractionated, yielding 3g of a mixture of tewacyclic ketones (VIII) in the form of a viscous yellow oil that did not 
crystallize when cooled to — 35°; b.p. 132-134*° (0.034 mm); FB 1.5400; axe 1,048; calculated MR 75.60; found 

MR 76.67. 


Found %: C 84.30; 84.47; H 9.31, 9.37 
CyH,O. Calculated %: C 84.31; H 9.45 


Hydrogenation of the Tetracyclic Ketones VIII 


A solution of 2 g of the above-described mixture of isomeric tetracyclic ketones (VIII) in 20 ml of dioxane 
. was weated with hydrogen in presence of a platinum catalyst. The saturation of two double bonds would have re- 
quired the absorption of 345 ml of hydrogen, and in the course of four hows 219 m1 of hydrogen was actually ab- 
sorbed. The hydrogenation product was vacuum-fractionated, yielding 1.5 g of a mixture of isomers of 7,10- 
Paper ~9-B-norcardosteren-15-one (LX) in the form of a colorless viscous oil, b.p. 123-126* (0.03 mm); np 20 1 5288; 
of 1.043; calculated MR 76.07; found MR 76.33. 


Found %: C 83,08; 83,14; H 10,45; 10,40 
Calculated %: € 83.45; H 10.15 


Condensation of with 
2-Methyl-2-cyclopenten -l-one 


A mixture of 4g of the diene | and 4.8 g of 2-methyl-2-cyclopenten -1-one (XI) (b.p. 53-55° at 15 mm; 
a8 1,4756) [4] was heated at 170° for ten hours in a sealed glass tube filled with carbon dioxide, The mixture was 
then vacuum -fractionated, yielding 1.5 g of a mixture of the isomeric tetracyclic ketones X in the form of a vis- 
cous yellow oil that did not crystallize when cooled to — 35°; it had b.p. 133-138°(0.03 mm); ng 1,5380; az 1,037; - 
calculated MR 80.29; found MR 81.40, 


Found %: C 85.85; 85.75; H 10.01; 9,95 
Calcmeted %: C 84.40; H 9,70 


Hydrogenation of the Tetracyclic Ketones x 


A solutinn of 1.3 g of the above-described mixture of isomeric tetzacyclic ketones {X} in 15 mil of dioxane was. 
& trezted with hydrogen in presence of a platinum c<talyst, Theoretically, 225 ml of hydrdgea was required for the 

F 7 saturation of two double bonds, and actually-225.mi of hydrogen was absorbed in.20 minutes. The hydrogenation 

: product was vacuum-fractionated and yielded 1 g of a mixtwe of isomers of 7,18 -1¢-trisbethy)- ~9-B-norcardosteren-_ 
-15-one (XI) im the form of a very viscous colorless liquid, b.p, 140- 242° (0.04 1.5280; 1,019; calcula - 
— ted MR 80,79; found MR 82.25. 


Found %: C 84.49; 84.52; H10.80; 10.68 
CygHyO. Calculated : C 83.76; H 10.40 


Condensation of 3a,4,7,7a- ~Tetrahydro- 1-3a- -dimethyl- -3- -vinylindene with 
4 2-Cyclohexen-l-one 


e: ] A mixture of 5g of the diene ] and 50 g of the 2-cvclobexen-1-one (VII) (b.p. 67° at 19 mm; ny 1,4850) [4] 

3 was heated at 170° for ten hous in a sealed glass tube filled with carbon dioxide. The mixture was ther vacuum- . 
fracnonated, and yielded 3g of the isomeric tetracyclic ketones Xi) in the pe of a — viscous oil, which did 

pot crystallizé when cooled w — 35°; itjhad b.p. 150.5-151° (at 0.07 mm), nb 1.5375; cP 1.0533; calculated MR 80.22; 
found MR 89.12. ‘ 


Found %: C 84,10; 89.96; H 9,96; 10,13 
C 0. Calculated %: 84.40 H 9.70 


Hydrogenation of the Tetracyclic Ketones XII 


4 


A solution of 1.5 g of the above-described mixture of isomeric tetracvclic ketones (xm) in 15 ml of dioxane 
was weated with hydrogenin presence cf a platinum catalyst, Theoretically, 248 ml of hydrogen was required for the 
saturation of two double bonds, and the actual volume of hydrogen absorbed in one hour was 200 ml. The hydtogena- 
tion product was vacuum- -fractionated, and yielded 1.2 g of a mixture of isomers of 7, sioegy —papelirtingdy yeep 
chrysenen-15-one (XIID) in the farm of a colorless viscous oil, b.p. 132-134.5°.(0.035 mm); nf 1.5215; ay 1.0433; 
calculated MR 80.70; found MR 79.51. 


Found %: C 83.13; 82.92; H 10.75; 10.56 
CgH,,0. Calculated %: C 83.76; H 10.40 


Condensation of 3a,4,7.7a- “Tetrahydro- -1,3a- ~dimethyl- 3-vinylindene with 2- 
2-cyclohexen-l-one | 


A mixture of 4 g of the diene ] and 45g of aciseibeihcabimeiiasseoaiie (XIV) (b.p. 64-64.5° at 15 mm; 
_ iB 1.4802) [4] was heated at 170° for ten hours in presence of 0.5 g of dimethylaniline in a sealed glass ube, The 
mixture was then vac uum -fractionated, and yielded 2.5 g of a mixture of the isomeric tetracyclic ketones XV in the 
form of a viscous yellow oil, b.p. 147-150° (0.032 mm); nb 1.5415; a% 1.056; Calculated MR 84.84; Found MR 84.60. 


Found %: C 85.05, 85.06; H 10.03, 9.89 
Cog Calculated C 84.45; H 9.92 


After long standing, the oil obtained partially crystallized out: 0.25 g of colorless m.p, 139-142° 
(from ether) was obtained. 


Found %: C 84.46, 84.21; H 9.93, 9.84 
Cpa. Calculated %: C 84.45; H 9.92 


Hy.drogenation of the Tetracyclic Ketones XV 


A solution of 1.3 g of the above-described mixture of isomeric tetracyclic ketones (XV) in 10 ml of dioxane 
was treated with hydrogen in presence of a platinum catalyst. Thecretically, 205 ml of hydregen wa: required for 
the saturation of twe double bonds, and the actual volume of hydrogen absorbed in 15 hours was 107 ml. The hy- 
drogenation product was vacuum-fractionated, and yielded 1.2 g of a mixture of isomers of 7,10,14-trimethyl-9- 
B-norcardochrysanen-15-one (XVI) in the form of a colorless viscous oil, b.p. 148-150° (0.07 mm); nfs 1.5288; 


x d% 1.033; Calculated MR 85.23; Found MR 85.43. 

& | Found %: C 83.72, 83,88; H 10,70, 10,62 
Calculated: C 83.86; 10.50 
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Condensation of 32,4,7.7a-Tetrahydio-1, 3a-dimethyl-3-vinylindene with Citraccuic 
Anhydride 
A mixture of 5.2 3 of the diene L 3.8 g of citracoric anhydride (XVI) (nd 1.4712), and 1 ml of dry benzene 
was set aside for five aa at room temperature. The residue after removal of benzene was vacuum-fractionated, 
ang yreided 3.5 g of 2 mixture of isomeric anhydrides (XVill and XIX) in the form of a very viscous yeilow oil, which — 
did not crystallize when cooled to — 35° and then mbbed ovt with various organic solvents; it had b.p. 144-145° 
(0,012 mm); 1.5310; 1,137; Calculated MR ‘77.25; Found MR 77.88. 
Found %: C 175.87, 75.66; H 7.80, 7.86 
Cc wirDs. Calc ulated 75.50: 2.15 
Hyarolysis of dus product with alcoholic alkali or 50% acetic acid resulied in the formation ofa —— 
lizuig mixture of acids. 


Condensation of 3a,4,7 -Tetrahydio- -1,3a-dimethyi-3-vinylindene 
with p-Benzoquinone 


A solution of 2 g of the diene I and 1g of pilintinieinion (m.p. 116*) un 20.ml of dioxane was sealed in a 
glass tube fiiied with carbor dioude, left ai room temperate for one day, and then heated at 60° for three hows, . _ 
The residue thar remained after removal of dioxane under somewhat reduced piessure (100-110 mm) partially crystal- 
lized, and 1:8g¢ of yellowish crystals of the tewacyclic dikewone XX1, m.p. 155-159° was fijtered off. After two 
recrystailizations from methanst the product melted at 166-166.5°. : 


Found $: C 80.93, 80.69; H 8,30, 8,02 
C Calculated: C 80.79; H7.86 


The meited at 213-215°. 


Found N 11.64, 12.26 
Calculated N 12.12 


Hydiogenation of the adduct 


A solution of 0.754 of crystals of m.p. 166-166.5* in 10 m! of dioxane was treated with hydrogen in presence 
of a platinum catalyst, Theoretically, 186 ml of hydrogen was requiréd for the saturation of three double bonds, and 
in 15 minutes 190 mi of hydrogen was actually absorbed. The dioxane was removed under reduced pressure (110 | 
mm), and the residue crystallized. Filtration yielded 0.7 g of crystals of 7,10-dimethyl-B-norcardochrysane -15,- 
lTa-dione m.p. 132-135.5°, which after two recrystallizations frem ether melted at 140.5-141*, 


Found %: C 78.92, 78.95; H 9.49, 9.61 - 
Calculaied%: C 79,11; H 9.80" 


SUMMARY 


1, 3a,4,7,72a-Tetahydro-1,3a-dimethyl-3-vinylindene (1) has been caused to undergo the diene condensa- 
tion with 2-cyclopenten-l-one (V), 2-methyi-2-cyclopenten-1-one (VI), 2-cyclohexen-1-one (VII), 2-methyl-2- 
cyclohexen:1l-one (XTV), p-benzoquinone, and citraconic anhydride. 


2, In this way 30-40 yields have been obtained of the corresponding tetracyclic steroid ketones VIII, X, 
XE, Xv, and XXL which have B-norcardosterane and B-norcardochrysane skeletons. 
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SYNTHESIS OF POLYCYCLIC COMPOUNDS RELATED TO STEROIDS 


COMMUNICATION XXII. STEREOCHEMISTRY OF POLYCYCLIC COMPOUNDS. 0. _MONOESTERS OF THE CiS 
AND TRANS FORMS OF 1-METHYL-1,2-CYCLOHEXA NEDICARBOXY LIC 


AND 1-METHYL-4-C YCLOHEXENE -1,2-BICARBOXY LIC ACIDS, AND THEIR REACTIONS * 
1. N. Nazarov and V. F. Kucherov 


For the synthesis of polycyclic: compounds related to steroids from cyclic.1,2-dicardoxylic acids by lengthen- 


ing of a carbon chain followed by cyclization, it ts necessary to have the corresponding monoesters of types (I) end 
(18). 


CH, 


Having developed an accessible method for the synthesis of anhydrides and diesters of cis and trans formis 
of 1-methyl-1,2-cyclohexanedicarboxylic acid and 1-methyl-4-cyclohexene-1,2-dicarboxylic acid [1] we have 
made a detailed study, for these model cases, of various methods for the preparaticn of monoesters of types (1) and 
4 (11). Monoesters of type (l), applicable to the synthesis of steroid compounds, can be prepared either by the partial 
4g hydrolysis of diesters (II) with one equivalent of alkali in aqueous methanol [2], or by the action of sodium alkox- 
ide on an alcoholic solution of the anhydride (IV) [3, 4] 


CHs 
~ {—COOCH, KOH “{—COOCH, CHONa_ 
(11) (1) (IV) 


* This article is printed at greater than the prescribed length by permission of the Editorial Board. 
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CH, 

COOH 
= x CH, CH, CH, | 

| coon __, f 7 
. - | co 
an | 

‘ 


By these methods it is generally possib'e w prepare monoesiers in which the carboxyl group on the tertiary carbon 
stem is esterified, 


Oa the other hand, al the action.of alcoho] on anhydrides (IV) [5], or by partial senate of the cozres- 
ponding dicarboxylic acids (V), monoesters of type (II) are preferentially formed; these have a free carboxyl group 
en the tertiary carbon atom 


_CH,OH COOH CHOH 

coon - COOCH, 


we have made a detailed study of all of these methods for the very simple mode! examples of cis- and trans- 


1-methyl-1,2-cyclohexanedicarboxylic and -1-methyl-4-cyclohexene-1,2-dicarboxylic acids, and we — obtained 
the following results. 


When the anhydride of cis-1-methyl-4-cyelohexene -1,2-dicarboxylic acid (VI) was boiled with absolute me- 

4 thanol, a mixture of isomeric monoesters (VII and IX) of the cis series was obtained, the former predominating. By 

ireatment of this mixture with petroleum ether and freezing aut, a yield of about 4% of the pure crystalline secon- 

. dary cis-monovster VII, m.p. 120-121°, was obtained. The same monoester in satisfactory yield was obtained also | 
dy the partial esterification of cis-1- ~methyl-4-cyclohexene -1,2-dicarboxylic acid (VII). 


The isomeric liquid temiary cis-monoester (LX) was obtained ‘as main product when the cis-anhydride wD 
was heated with a solution of sodium methoxide in methanol, and also by the partial hydrolysis of the dieste: (Xx) 
with a solution of caustic potash in’ aqueous methanol. It did not appear to be possible tw isolate this liquid cis- © 


monoester (1X) in a completely pure form, for when it was Vacuum -distilled, it lost methanol and was converted in- 
to the original anhydride (V1). 


Hydrogenation of the crystalline cis-monoester (VII) in presence of a Pd catalyst yielded the crystalline satu- 
rated cis-monoester (XI), m.p. 69-70°, which was formed also when- absolute metaanol reacted with rhe saturated 
 cis-anhydride (XI). When sodium methoxide reacted. with the cis- anhydride (X11), the main reaction product was 
the isomeric tertiary cis-monoester (XIII), m.p. 59-60"; which was obtained also by the hydrogenation of the liquid 
monoester ax) in presence of a Pd catalyst. 


CHs ‘ 


‘ i 


(xX) 


KOH 


Cc 


COOCH, 


(X01) m.p. 59-60° (XID (XI) m.p. 69-70° 


| 
CH,OH CH,OH CH, ‘ 
(x) (vit) 
| \ 
v 
CHy CHy CHy 
—— 
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In order to prove the structures of the cis-nouoesters obtained, they were converted into the corresponding 
acetic acid derivatives by Arndt-Eistert Jergthening of the carbon chain. With oxaly} chloride, the monoester (VH) 
gave the acid chloride (XIV) in quantiutive yield, ami this, when treated with excess of diazomethane, was con- 
verted inte a diester, which was hydroiyzed to the cis-acid (XV). Owing to steric hindrance, this rezction did not 
g® smoothly, and the acid (XV) was obtained im low yield (about 20%). Hydrogenation of the acid (XV) in pres- — 
ence of a Pd catalyst yielded the known ¢is-2-carboxy-1-methylcyclohexaneacetic acid (XVI), m.p. 174-175° [6]. 


ride (XVII) by the Arndt-Eistert reaction: 


cH 
COOH 
— COOCH, 
(xD) m.p. 69-70" 


7 CH;COOH 
COOH 
(XV) m.p. 141-143" (XVI) m.p. 174-175° 


The course of the Arndt-Eistert reaction with the tertiary cis-monoesters (1X) snd (XID) is very interesting. 
It was found that conversion of the acid chloride (XVII) obtained from the liquid cis-menoesizr (1X) into the diazo- 
ketone, followed by rearrangemem of this to a diester and hydrolysis of the diester with 20% caustic potash, 
finally gave a yield of abovt 60% of the crystalline cis-acid (XIX), m.p. 156-164°, which was found to be consi- 
derably contaminated with the trans isomer (XXXVIII). Fractional crystallization of this mixture did not lead to 
the separation of individual substances. However, after hydrogenation of the mixture in presence of a Pd catalyst, 
fractional crystallization from acetone and aqueous acetone yielded both a pure cis-acid (XX), m.p. 164-165° and 
a trans isomer (XXXIX), m.p. 176-177°, which was prepared also from the trans-monoester (XXIX) by the Arndt- 
Eistert reaction (see below). Both of these acids have been described previously (2, 7} This unexpected stereo- 


isomerization in the Arhdt-Eistert reaction was confirmed by us in the case of the pure satwated crystalline cis- 
monoester (XIII). 


When the Arndt-Eistert reaction was carried out on the cis-acid chloride (XXI) obtained frem the cis- 
monoester, a crystalline mixture of approximaiely equal amounts of the cis-acid (XX), mp. 164-165°, and the 
trans-acid (XXX1X),m.p. 176-177°, was obtained, and these substances were isolated in the pure form by fractional 
crystallization. There can be no doubt that the original acid chloride (XXI) belongs w the cis series: it was 
quantitatively hydrolyzed into pure cis-1-methyl-1,2-cyclohexanedicarboxylic acid. 


The above -described stereoisomerization occurs, therefore, in the course of the Arndt-Fistert reaction, most 
probably at the stage at which decomposition of the diazo ketone occurs, a process that is known to occur by a 
free radical mechanism (see a, page 54). 


Stereoisomerization in the course of an Arndt-Eistert reaction, which we have observed for the first time, 
may be associated with steric hindrance, which may exist when there is a cis-ortho-substituent having compara- 
tively large bulk. We have shown that such steric effects occur in the formation of anilides. It was found that the 


A low yield (about 15%) of the same acid was optained also from the unssuzated monoesier oo via the acid chlo- 


i 
gk 
(VII) m.p. 120° 
= 3 
(COC), (COC), | 4, 
CHs CH, : 
CH,N, | 20% CH,N; |= 
CHy CH, 
7 
: 
B 
| 
q 
| 
= 
4 
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COOH Hy Pd) > COOH +. COOH . 
CH; * COOH -CH,-COOH COOH 


(X1X) (XX) . 
(XXXIX) 
m.p. 156-164° 164-165° m.p. 176-177. 


isomeric cis-acid chlorides (XVII) and (XXi), when treated in ethe: solution with excess of aniline at 15-20°, gave 
quantitative yields of the same crystalline amide (XXII) (m.p. 110°). The same product was obtained directly from 
the monoesters (XI) and (XIII) by the action of phosphorus pentachloride and aniline in the usual way [6]. In the 


CH, CH, 
- COOCH, | — COOCH, 
-cocl — COCHN, 


CH, 
. COOCH, 
CH, COOCHSs 


reaction of aniline with the acid chlorides (XVII) and (XX1), even under very mild conditions. (0°), it was not found 
possible to isolate the cor-ésponding anilides, which are apparently unable w exist, being spontaneously and com- 
pletely converted into the imide (XXII) owing lo the spatial proximity of aes cis-ortho- ~methoxycarbonyl and anil- 
ide groups (see a, page 55). ~ 


The analogous reactions were investigated ae for the cis-monoesters (VII) and (IX), which contain a double 
bond in the cyclohexane Ting. * 


Both the mo! oesters (VII) and (1X) themselves, and also their acid chlorides (XIV and XVID, give the same 
crystalline imide (XXIII), m.p. 103-104*°, when rreated with aniline at 20-30°, When, however, the acid chlorides 
(XIV) and (XVID) rea. ted with aniline in ether solution at 0°, the corresponding crystalline anilides (XXIV and 
XXV) were isolated. Th2y were quantitatively converted into the above-described crystalline imide (XXII) when 
warmed in ether solution and with a small amount of phosphoryl chloride. This fact, which indicates the excep- 
tionally high instability of the cis-anilides (XXIV) and (XXV), may be explained only by the spatial proximity 
of the methoxycarbony] and anilide groups in the cis-ortho-positions. This is particularly evident from the exa- 
mination of models, and it is confirmed by the fact of the ready formation of the imide of 1 earreaciscunst 
dicarboxylic acid when the monoamide of this acid is heated [8] 


-cocl coc} 
(XVII) 
CH, : CH, CHs 
| 
 CHs 
-coocH, 
: ? =COCH 
| CH, ; (a) 
4 ... COOH 
- -CH, COOH 
3 H 
at 
| 
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CH, 
Hs 
- 


(a) 


~ CONHC gH, 


Quite different behavior is observed for the monoesters of the tans series, the preparation and properties of 


which we have also studied in detail. When the trans-anhydride (XXVI) was treated with a methanolic solution of 
- , sodium methoxide, or when the trans-dimethyl ester (XXVII) was partially hydrolyzed, a 60-70% yield of the 


| COOH COOCH, 


(VII) m.p. 120° 


© 
Ce ap 
CHs nN CH, 
—COOCH, 8 -cocl 
-cocl —COOCH, 
(XVID Qu, (xIV) 
-COCH, — CONHC HH, 
(XXV) m.p. 104-105° (XXIV) m.p. 92-94" 
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| CH ; : CH 
(XVII) (XI) = 
e | 
a CH, & 
(1X) liquid 
| ~ COSNC 
was 


lyst yielded the known saturated monoester (XXIX) [2} By the saine methods this last substance can_also be obtained 
up good vieids from the saturated trans-anhydii¢s (XXX) ot by the partial hydrolysis of the comespohding trans-ester 
(XXXI). The tars-monoesters (XXVIII) and (XXIX) react with phosphorus pentachloride and aniline to give the 
cryszalline trans-anilides (XXXII) and (XXXI),, ‘which-are fairly stable and are not converted, like the cis-anilides, 
into the corresponding irnides, 
| 


Ho 


(XXVI) 
m.p. 112-114° 


KOH CHH + 


. . COOH 
COOCH, 


(XXVIID 
m.p. 74-75° 


(XXXIV) 
m.p. 56-58° 


2) CH, CH; 
: 
-.cooch, . « CONHC 

— CONHC CoocH, 


(XXXII) m.p. 105° (XXXVI) m.p. 98-99° 


When the trans-anhydride (XXVI) was boiled with absolute methanol, a mixture of the trans-monoesters 
(XXVUI) and (XXXIV) was obtained, the second monoestez predominating. Owing to their similar solubilities and 
close melting points, the components of this mixture were difficult to separate, and the monoester (XXXIV) being 
difficultly *ccessible, was not studied in detail. The trans-monoester XXXIV gives a normal trans-anilide (XXXV); 


after 3cing hydrogenated, it gives the new trans-anilide XXXVI, Both these anilides are quite stable and are not 
converted into amides. 
For final confirmation of their structures, the trans-monoesters (XXVIII) and (XXIX) were converted by the 


Arndt-Eistert reaction into the corresponding acetic acid derivatives (see a, page 57). 


Treatment of the acid chloride (XXXVID with diazomethane, tollowed by conversion to the diester and hy- 
drolysis, yielded the crystalline trans-acid (KXXVID) in 85% yield, and this, after hyczogenation in presence of 
2 Pd catalyst, gave the known trans-2-carboxy-2-methylcyclohexaneacetic acid (XXXIX) [2]. The same wans- 
acid (XXXLX) was obtained in 60% yield from the pure tans-acid chloride (XL) by the Arndt-Eistert method. When 
the wans-acid chlorides (XXXVII) and (XL) were treated with excess of aniline in ether solution, quantitative 


crystalline trans-monoester (XXVIII) m.p. 74-75°, was obtained, and hydrogenation of this in presence of a Pd cata- 


: 
3 
4 ore 
Or 3 OW | 
. COOCH CH 
H | CONHC gig. 
3 . COOCH, 
COOCHs 
(xxxn 
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-COOH 
(XXX) 
. . COOCH, 
coc! 
(x1) 
. . COOH 
(XXXVIII) m.p. 205-206* m.p. 176-177" 
= yields of the corresponding trans-anilides (XXXIi) and (XXXII) were obtained, and thiese were. quite stable, which 


is in accord with their spatial configurations. 


EXPERIMENTAL 


Ester of cis-1-Methyl-4-c yclohexene-1,2-dicarboxylic Acid (VII). a) A sJlution of 
25 g of the cis-anhydride (VI) [b.p. 113-115°(4 mm); on 1.4890) [1] un 75 ml of absolute methanol was boiled under 
reflux for six hours. The methanol was distilled off under reduced pressure, and there remained a viscous liquid, 
s which partially crystallized when treated with petroleum ether, The crystalline product was filtered off and washed 
a with pemroleuin ether, yielding 12.2 g of 2 substance of m.p. 115-118*. From the liquid residue, after dissolution 
a in petroleum ether with addition of a little diethyl ether followed by strong cooling, a further 1.3g of crystalline 
substance, m.p. 113-115*, was isolated. The overall yield was 46.7%. Recrystallization from a mixture of ben- 
aa zene and petroleum ether (1:5) yielded the carboxy*-monomethy] ester of cis-1-méthyl-4-cyclohexene-1,2-di- 
carboxylic acid (VI), m.p, 120-121°, 


Found %: C 60.77, 60.89; H 7.04, 6.98 
Calculated %: C 60.65; H 7.12. 


The liquid reaction product (16.1 g) could not be caused w crystallize by standing and by treating with sol- 
vents; it had ny 1.4875. When attempts we:c made to distil ir under reduced pressure, ‘1 was almost completely 
converted into the original cis-anhydride (V1), and when hvdrelyzed with alcoholic alkali it gave a quantitative 
yield of cis-1-methyl-4-cyclohexene-1,2-dicarboxylic acid (VIII). 


b) The cis-acid (VII) (4 g; m.p. 167-168*) was dissolved in 100 ml of absolute methanol, 2.6 ml of con- 
centrated sulfuric acid was added, and the soiution was boiled in a water bath far two hours. Methanol was distilled 
off under reduced pressure unti: the volume fell to 25 ml, 30 ml of water was added, the reaction product was ex- 
tracted with ether, and the ether solution was washed with water. The ether was distilled off, and the liquid esteri- 
fication product that then remained partially crystallized when treated with petroleum ether. The crystalline 
product was filtered off and washed with petroleum ether (2.4 g, m.p. 105-110°). The product, after crystalliza- 
tion from a mixture of petroleum ether and benzene (5; 1), melted a1 119-120° and showed no depression in admix- 
ture with the above-described cis-monoester (VII) prepared from the cis-anhydride (VI) by the action of methanol. 
Vacuum distillation of the liquid residue yielded 1.2 g of the dimethyl ester of cis-1-methyl-4-cyclohexene-1,2- 
dicarboxylic acid, b.p, 104-106*(4 mm); 1.4725, 
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¢ arboxv?-aMonometnyl Ester of cis-1-Methyl-4-cyclohexene-1, 2-dicarboxylic Acid (IX). a) The cis-anhy-. 
drice (XI) (5 g) was added to a soluticn of 1.35 ¢ of sodium in 40 ml of absolute meth?nol, and the mixture was 
boiled for one hour. After remova! cf methanol under reduced psessure, the sohd residve of salts was dissoived in 
20 ml of water, and the solution was mixed with charcoal, filtered, and then acidified to Congo red with hydro- 
chioric acid. The reaction product was ‘extracted with ether, and the ether solution was washed with water and 
dried with sodium sulfate. Atte: removal of ether, 5.2 g of the carboxy'-monomethy] ester of cis-1-methyi-4-cy- 
‘ clohexene -1,2-duarboxylic acid (IX) was obtained as a clear viscous liquid; nb 1.4870, 


Found %: C 61.00, 60.81; H 6.93, 6.93 
Cutts Calculated %: C 60.65; H 7.12 


>) To a solution of 0.55 g of caustic potash in 10 ml of water and 30 ml of meee, 2g of the <a 
ester of cis-i-methy) -4-cyclohexene-1 ,2-dicarvoxyhe acid (X) [b.p. 98° (2 mm); 1.4746] was added, and the 
mixture was boiled under reflux for three hours, The methanol was distilled off under reduced pressure, and an 
aqueous solution of an ether extract of the residue was teated with charcoa) and acidified with hydrochloric acid, 
The oil rhat sepaiated, treated with petroleum ether and chilied, gave 0.03 g of a crystalline substance, which was 
found to be the above-described cis-monoester of m.p, 120°(VII). The iiquid reaction product, after extraction 
with ether and removal of ether under reduced pressure, yielded 1.8 g of the carboxy’-monomethy] ester of cis-1- 
methyi-4-cyclohexene-1,2-dicarboxylic acid (LX) in the form of a clear viscous liquid; 5 1,4870, 


carboxy?-Monomethy! Ester of cis-1-Methyl-1,2-cyclohexenedicarboxylic Acid (XI). a) A solution of 5.5 
g of the cis-monocste: (Vil) in-35 ml of dry dioxane was hydrogenated in presence of a Pd catalyst, One molecule 
of nydrogen was absorbed (625 mi at 760 mm and 0°), “The solvent was distilled off under reduced pressure, and 
the liquid hydrogenation product completely crystallized when treatec with petroleum ether (5.1 g, mp, 67-69°). 
Crystallization of penoleum ether yielded the carboxy*-monomethy] ester of cis-1-methyl-1,2-cyclohexane- 
dicarboxylic acid (X1), which had-a constant melting point, 69-70°, 


Found %: C 60,22, 59.94; H 8,32, 8.11 
Oy Calculated %: € 60.0; H 8,05 


_ b) A solution of 3 g of the cis-anhydride (XII) in 20 ml of absolute methano] was boiled for five hours. The 
methanol was distilled off under reduced pressure, and the liquid mixture of monoesters was dissolved in petroleum 
ether and set aside w crystallize after being seeded with some pure moaoester (XI). The product, 0,8 g of the crystal- 
line monoester (XI), m.p. 65-68°, melted at 69-70° after récrystallization from petroleum ether and showed no de- 
pression in melting point when mixed with the previous sample. 


“carboxy?-Monomethy] Ester of yclchexanedicarboxylic Acid (XUD. 4) The cis-anhy- 
—— dride (XII) (3.5 g) was added to a warm solution of 1 g of sodium in 25 ml of absolute methanol, and the solution © 


was boiled in a water bath for three hours. The methanol was distilled off under reduced pressure, and the residue 

of salts was dissolved in 10 ml of waier and acidified with hydrochloric acid. The viscous semicrystalline prod- 
ae uct that separated was extracted with ether, and the extract was dried with sodium sulfate. The ether was driven 
off, and the residue was dissolved in a small amount of petroleura ether by application of heat, and was set aside 
to crystallize while ceoling. The product was 2.35 g of crystals, m.p, 57-58°, From the mother liquor, after re- 
moval of part of. the solvent followed by strong cooling, a further 0.55 g of crystals was isolated (m.p. 56-58°*), 
The overall yield was 69%. After being recrystallized from petroleum ether, the carboxy'-monomethyl ester of 
cis -1- ~methyl- 1,2-cyclohexanedicarboxylic acid (XII) melted at 59-60°, 


Found %: C 60.03, 60,06; H 8.12, 8.09 
4 CygHi Oy. Calculated %: C 60.0; H 8,05 


b) A solution of 3 g of the liquid monoester (IX) in 20 ml of dioxane was treated with hydrogen in presence 
= i of a Pd catalyst, and 340 ml of hydrogen (760 mm, 0°) was absorbed. The solvent was distilled off under reduced 
pressure, and the viscous liquid hydrogenation product was dissolved in a small amount of petroleum ether, from 


which, on cooling, 2.1 g of the crystalline cis- monoestet (XIII), m.p. 58-59° and identical with the previous sam- 
ple, was isolated, 


Preparation of Acid Chlorides of cis-Monoesters 


1, Acid Chloride of the carboxy*-Monomethy] Ester of cis-1-Methy]-4-cyclohexene -],2-dicarboxylic Acid 
« (XIV). Oxaly] chioride (10 ml) was added tw a solution of 10 g of the cis-monoester (VII) in 100 ml of absolute 
benzene, and che mixtwe was set aside for one hour at room temperature, Jt was then heated for 30 minutes at 
40-45°, and the benzene and excess of oxaly! chloride were distilled off. The liquid reaction product was vacuum- 


| 
: 


distilled, and yielded 10.6 g of the cis-acid chloride (xIV), b.p. 99-99.§° (1 mm); np 1.4905. 


Found %: Cl 16,41, 16.43 
O,CL Cakulated %: €1 16.35 


2. Acid Chloride of the Ester of Acid 
(XVII). This was prepared by the:same procedure from 5.7 g of the cis-monoester (XI) and 6 ml of oxaly! chlo- 
ridge in 60 ml of absclute benzene, and, after epg 5.7¢ of the acd chloride ¢XVID) was obtained in the 
form of a colorless liquid, b.p. 110.5-111°(3.5 mm); ™D 1.4780, 


Found %: C1 16.21, 16.18 
CyHyOSl Calculated %: Cl 16.17 


3. ‘Acid Chloride of the carboxy'-Monomethyl Ester of Acid 
(XVIII).. From 12 g of the liquid cis-monoester (IX) the usual procedure yielded 13.3 ¢ of the acid chloride XVII, 


b.p. 96-97° (1.5 mm); 1.4865, 


Found %: Cl 16.52, 16.65 
CygHyyOgCl Calculated: Cl 16.35 - 


4. Acid Chloride of the carboxy'-monomethy] Ester of cis-1-Methyl-1,2-cyclohexanedicarboxylic Acid (Xx). 
From 3.8 g of the cis-momoester (XII) and 5 ml of oxaly! chloride, the usual procedute yielded 3.7 & of the pure 
acid chloride (XXI), b.p. 112- 112.5° (4 mim); m5 1.4760. 


Found %: C116.19, 16.26 
Calculated %: C1 16.17 


cis-6-Carboxy-1-methyl-3-cyclohexene-l-acetic Acid (XV). A solution of 2g of the cis-aci¢ chioride 

(XIV) in 10 ml of absolute ether was added slowly with cooling w 4 dry ethereal solution of 2.1 g of diazomethane, 
and the mixture was set aside at room temperature for 24 hours. The ether was distilled off under reduced pressure, 
and the liquid residue of diazo ketone was dissolved with cooling in 45 ml of absolute methanol, Freshly prepared: 
& silver oxide (0.5 g) was added, and the mixture was boiled under reflux for six hours. The silver oxide was filtezed 

- off and washed with methanol. Methanol was distilled off unde: reduced pressure, and the liquid residue was hy- : 
drolyzed by treatment at the boil with 7 ml of 40% caustic potash and 5 ml of methanol for four hours. The metha- 
nol was distilled off, and the aqueous alkaline solution was treated with charcoal, filtered, and acidified with hy¢m- 
i chloric acid. The liquid reaction product separated and was extracted with ether. The ether extract was washed 
f with water and dried, and the ether was driven off. The residue was dissolved in a small amount of acetone and the 
E: solution obtained was diluted with an equa! volume of peroleum ether and allowed w stand, when a crystalline 
; . Substance slowly separated. It was filtered off and washed with a mixture of acetone and petrolerm ether (1: 3). 
&§ The product was 0.35 g of cis-6-carboxy-1-methyl-3-cyclohexene-1-acetic acid (XV), m.p, 136-14C°, After re- 
crystallization from a mixture of acetone and peuoleum ether, the acid melted at 141-143". 


Found C 60.94, 60.80; H 7.11, 7.28 
Calculated %: C 60.6; H 7,12 


= cis-2-Carboxy-1-methylcyclohexaneacetic Acid (XVI. a) A solution of 2.1 g of the cis-acid chloride (XVII) 
. in 20 ml of absolute ether was added slo wly with cooling to a dry ethereal solution of 2.1 g of diazomethane, and 
the mixture was set aside for 15 hows at room temperature. The ether was distilled off under reduced pressure, and 
the viscous residue was dissolved in 40 ml of absolute methanol Silver oxide (0.5 g) was then added to the mix- 
ture, which was boiled for eight hows. The mixture was filtered, the methano: was distilled off under reduced pres- - 
sure, and the residue was boiled with 10 ml of 40% caustic potash and 7 ml of methanol, The warm solution was 
treated with charcoal and filtered, the methanol was distilled off under reduced pressure, and the residue was acidi- 
fied with hydrochloric acid. The oil that separated was extracted with ether, the extract was washed with water, 
and the ether was distilled off, The residue was dissolved in a small amount of acetone, and an equal volume of 
petroleum ether was added. A crystalline product (0.28 g) came down after a time, and this, after recrystallization 
from a mixture of acetone and petroleum ether, melted at 174-175", The literature [5] gives 172-173° for the’ 
melting point of cis-2-carboxy-1-methylcyclohexaneacetic acid, 


Found %: C 59.87, 59.95; H 8.04, 8,10 
CyHy Oy. Calculated %: C 60.0; H 8.05 


b) A Solution of 0.1 g of cis-6-carboxy-1-methyl-3-cyclohexane-1l-acetic acid (XV) in absolute methanol : 
was treated with hydrogen in presence of a Pd catalyst. The methanol was distilled off, and from the crystalline 
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product, after recrystailization from a mixtuse of acetone and petroleum ether, an acid was obtained that mehed 
at 174-175° and showed no melung -point depression in admixture with the cis-acid (XVD described above. 


Reaction of the cis-Acid Chloride (XVIII) with Diasomethane. £ solution o. 5 g of the chiczide 
(XVII) in 20 ml of absolute ether was added slowly to a dry ethereal solution of diazomethane prepared from 25 
g of methylnitrosourea, and the mixtwe was set asige aI mom temperamme for 24 hows. The ether was distilled 
off under redix ed pressure, the residue was dissolved in 100 ml of methanol with cooling, 1 g of freshly prepared 
silver onde was added, and the mixture was boiled for six hors, In the early stages of heating vigorous evoln- 
tion of nitrogen was observed. A further 0.3 g of silver oxide was added, and boiling was continued for a further 
two hcurs, The mixture was weated with charcoal and filtered, the methanol was removed under reduced pres- 
sure, and the liquid residue was hydrolyzed: by boil. it with 25 ml of 40% caustic potash and 20 ml of methanol 
for six hours. The dark-colored solution was tre2ted with cha>coal and filtered, the methanol was distilled off 
under reduced pressure, and the residue was acidified with rydrochioric acid. A yellow partially solid reaction 
product was precipitated, and this practically completely sciidified when colé. The crystalline preduct was fil- 
tered off and washed free from yellov resin with 50% acueow acetone. The prodzct was 2.6 g of acid, m.p. 157- 
163°, and from the aqueous solution and washings a further 0.2 g of the acid, mp. 155-163°, was separated, the 
twial yield being 60%. Af-:er repeated crystallizations from acetene, aqueous acetwne, or a mixture of acetone and 
petroleum ether, crystals were obtained having an indefinite melting point (162-166°) and conesponding in analy- 
sis t0 acid (XLX). 


Found %: C 60.86, 60.89; H 7.35, 7.22 
Calculated %: C 60.6; 2.32 


The acid obtained (XLX, 1 g), m.p. 162-166°, was hydrogenated in 15 ml cf absoluse methanol in presexcs 
of a Pd catalyst. After removal of solvent, a clear viscous liquid was obtained, and this crystallized out when 
treated with peuoleum ether and had m.p, 130-145°, The hydrogenation product was recrystaliized from a mix- 
ture of acetone and pewoleum ether (1:1), and 0.3 g of substance melting at 157-161° was obtained. After a fur- — 
ther recrysiallizauon it melted at 164- 165°, the 5 peng point of known cis-2-carbcxy-2-methylcyciohe xane- 
acetic acid (XX). 


Found %: C 59.95, 60.0; H 8.19, 8.02 
Calculated %: C 60.0; H 8.05 


From the mother liquor, after two crystailizations from acetone, a small atmornt of a crystalline substance 
of m.p, 175-177° was isolaied; it showed no melting -poizz depression in admixture with trans-2-carboxy-2-methyl- 
cyclohexaneacetic acid (XX XIX) (see below). 


Reaction of the cis-Acid Chloride (XXD) with Diazomethane. A solution of 3.0 g of the cis-acid chloride 
(XX) in 20 ml of absolnge ethes was added slowly under cooling to a dry ethereal solution of 2.5 g of diazome- 
thane, and the :¢sulting mixture was set aside at room temperanue overnight. The ether was distilled off under 
reduced pressure, the residue was dissolved, with cooling, in 60 ml of absolute methzno}, 0.8 g of silver oxide 
was added, and the mixture was boiled in a water bath for eight hours. Vigorous evolution of nizrogen began at 
40°, The mixture was weated with charcoal and filtered, the methano! was distilled off under reduced pressure, 
and the liquid reaction product was boiled with 17 ml of 40% caustic potash and 17 ml of methanol for four hours. 
The dazk-colored solution was treated with charcoal and filtered, the methanol was distilled off under reduced 
pressure, the alkaline solution was acidified with hydrochloric acid, and the mixture was extracted with ether. The 
residue remaining after removal of ether was dissolved in a small amount of acetone, from which it slowly crystal- 
lized out, yielding 0.4 g of crystals, m.p, 168-173°, which after recrystallization from acetone melted at 175-177T° 
and showed no depression in admixture with trans-2-carboxy-2-methylcyclohexaneacetic acid (XXXIX). From 
the acetone mother liquor, after addition of an equal volume of petroleum ether, 0.5 g of a nonhomogeneous 
crystalline product, m.p, 125-140° was obtained. Two recrystallizations from a mixture of acetone and petroleum 
ether (1: 1) yielded 0.2 g of pure cis-2-carboxy-2-methylicyclohexaneacetic acid (XX), m.p. 164-165°. 


Anilides of cis-Monoesters, and their Reactions 


1, Anilide of the carboxy?-Monomethy] Ester of cis-1- sethyl-4-cyclohexene-1,2-dicarboxylic Acid (XXIV). 


LLL LLL 
A solution of 0.5 g of aniline in 5 ml of absolute ether was added slowly to a cooled (to — 5°) and stirred solution of 


0.5 g of the cis-acid chloride (XIV) in 5 ml of absolute ether. The mixture was allowed w stand for 30 miautes at 
0°, Water was then added, and the ether layer was separated, washed successively with 5% hydrochloric acid, 10% 
sodium carbonate, and water, and then dried. After removal of ether, an oily substance remained, and this solidi- 
fied when treated with petroleum ether (0,60 g, m.p. §2-87*). After recrystallization from a mixture of diethyl 
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. chloride (XIV) in 5 ml of absolute ether. 


ether and petroleum ether, the anilide melted at 91-93°. 


Found %: C 70.57, 70.58; H 6.96, 7.14; N 5.29, 5.11. 
C Calculated %: C 70,30; 7.00; N5.30 


2. Anilide of the carboxy 1_\4onomethy! Ester of cis- -1-Methyl-4-cyclohexene - -1,2-dicarboxylic Acid (XXV). 


The procedure of the preceding experimen: applied to 0.5 g of the cis-acid chloride (XVID and 0.5g of aniline 
in ether yielded 0.50 g of a crystalline product, which melted after crystallization from a mixture of diethyl ether 
and petroleum ether at 104-105* and which corresponded in analysis to the cis-anilide (XXV). 


Found %: C 70,54, 70.50; H 7.34, 7.10; N 5.12, 5.35. 
Calculated C 70,30; H7.00; - N5.30 


3. Phenylimide of 1-Methy]-4-cyclohexene -1,2-dicarbexylic Acid (XXII). a) Finely ground phosphorus 
pentachloride (0.6 g) was added w a solution of 0.4 g of the monoester (VII) (m.p. 120-121° ) in 10 ml of absolute 
ether, and the mixture was heated until solution was cemplete. The solution was stimed at 20-25°, and 4 g of ani- 
line was siowly added. The mixture was boiled for 59 minutes. Water was added, and the separated ether layer 
was carefully washed, successively with 10% hydrochloric acid, Fe sodium carbonate, and water. The ether was 
distilled off, and the yellow crystalline residue was. washed on the filter with a mixuse of diethyl ethe: and petro- 
leum ether (1:1) (0.35 g of white crystals, m.p. 98-100°). In order to purify the product, it was dissolved in ether, 
and the ether solution, after filtration to remove undissolved impurities, was evaporated to low bulk, when an 


equal volume of petoleum ether was added. Needles of m.p. 103-104* separated, and they comesponded in com- 
position to the phenylimide (XXIII). 


Found %: C 74,47, 74.29; H 6.20, 6.42; N 5.94, 6.02 


Calculated %: C 74.66; H6.26; N5.80 | 


b) Ina similar way, 0.3 g of the liquid cis-monoester (IX) yielded 0.2 g of a crystalline substance, which 


melted after crystallization from ether at 103-1046° and showed no or depression ic admixture with the 
imide (XXIII). 


¢) A solution of 0.5 g-of aniline in 5 ml of ether was added to a stimred solution of 0.5 g of eeccaveial 
The ether solution was boiled for 30 minutes, and then washed succes- 
sively with Sh hydrochloric acid, 10% sodium carbonate, amd water. The ether was distilled off, and the residue 
(0.6 g) was recrystallized from a small amount of ether, yielding 0.35 g of the imide (XXIII), m.p. 102-103*, 


d) The same imide (XXIII) of m.p, 103-104* was obtained by- the same method from the cis-acid chloride 
(XVID. 


e) A solution of 0.1¢ of the cis-anilide (XXIV), m.p. 92-93°, in 4 ml of absolute ether and 0.2 ml of phos- 
phoryl chloride were boiled together for one hour. The ether solution was washed successively with 10% sodium 
carbonate and water, and then dried. The ether was distilled off, and the residue. after crystallization from a mix- 


ture of diethy] ether and petroleum ether (1:1), melted at 102-103° and showed no melting-point depression in ad- 
mixture with the imide (XXII). 


f) The same procedure applied to the anilide (XXV) yielded a crystalline product of m.p. 102-103°,; She 
‘tical with the imide (XXIII). 


4. Phenylimide of 1-Methyl-1,2-cyclohexanedicarboxylic Acid (XXII). Phosphorus pentachloride (1.5 g) 
was added to an ethereal solution of 1 g of the cis-monoester (XI) (m.p. 69-70°), and the mixnue was boiled until’ 


solution was practically complete, Aniline (10 ml) was added at 20-25°.. The reaction mixture was treated with 


water, and the separated ether layer was washed successively with 10% hydrochloric acid, 10 sodium carbonate, 
and water, and then dried with sodium sulfate. The crystalline substance remaining after removal of ether was 
washed with a mixture of diethyl ether and petroleum ether (1:4); and yielded 0.95 g of a substance of m.p. 105- 


107°. Crystallization from diethy] ether containing a little petroleum ether gave a pwe product, m.p. 109-110°, 
which corresponded in analysis to the phenylimide (XXII). 


Found %: C 74.21, 74.35; H 7.02, 6.89; N 5.65, 5.67 
C Calculated %: C 74,05; H 7.04; N5.15 


The same product was prepared in an analogous way from the isomeric-cis monoester (XIU); it had the 
same melting point (110-111°), From each of the isomeric acid chlorides (XVI) and (XX1), both with cooling 
(0°) and with warming (30-35*), the same imide of m.p, 109-110° was obtained by reaction with aniline, and this 
imide was identical with the above-described phenylimide (XXII). 
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Ester of trans-1-Methy! -4-cyclohexene-1,2-carboxylic Acid (XXVI0). 3) The anhy- 
. dosde of trans-1-methy]-4-cye lohexene~1,2-carboxylic. acid (XXVL 3.5 g) was added slowly to a warm solution of 
2 g of sodium in 30 ml of absolute methauol and boiled for one hour. The methanol was distilled off under reduced 
pressure, and the residue was dissclved in 20 ml of watet. The solution was treated with charcoal, filtered, and 
; scséSied with hydrochloric acid to Congo red. A liquid r:eaction product separated, and this solidified almost com- 
teiely after standing. The solid was filrered off, 2nd washed with water and with a mixture of diethyl ether and © 

esa ether (1: 5) (2.2 g of crystals, m.p, 71-74"). The liquid part, after long standing, yielded a further 0,25 
& of crystals, mp, 70-73*: the total vield was 60%. After crystallization from peuoieum ether the trans-mono- 
ester had a constant melting point of 74-75°, 


Found %: -C 60.64, 60.57; H 7.29, 7.05 
Cid Calculated @: C 60.60; H 7,12 


Anilige: Finely ground phosphorus pentachloride (0.75 g) was added tw a solution of 0.5 g cf the trans-mono- © 


ese: (XXVIII) in 20 ml of absolute ether. The mixtwe was heated until solution was compiete, excess of auiiline 
was added, and the mixture was allowed w stand at room temperature for one hour, Wate: was added, and the 
etner layer was separated, washed successively with 10% hydrochloric acid, 10% sodium carbonste solution, and 
wacze:, and then dried. The ether was distilled off, and the crystalline residue was washed on the filter with a mix- 
ure of dic thy] ether and petroleum ether (1:4) (0.4 g of crystals, m.p, 125-129°). After crystallization from 
exber. the wans-anilde (XXXIJ) was obtained in the form of needles, m. P. 133-134*, 


Found %: N 5,15, 5.34 
Calculated: N 5.30 


b) The dimethyl ester of rans-1-methyl-4-cyclohexene -1,2-dicarboxylic acid (XXVII) (€ g) was added to 

2 solution of 1.7 g of ciustic potash ih 25 ml of water and 90 ml of methanol, and the mixture was boiled for ten 
_Eeocs. Methanol was distilled off under reduced presswe, and the residua] solution was extracted with cther to re- © 
move unhydrolyzed diethez (1.8 g). The aqueous solution was treated with charcoal and filtered, and then acidi- 

¢ with hydmchioric acid, A liquid hydrolysis product separated, and this partially crystallized on standing. The. 
apace product was filtered off and washed with petroleum ether, yielding 2.3 g of the trans-monoester (XXVIII), 
mp. 71-75°, The liquid part, after extraction with ethe1, removal of ether, and trearment of the residue with 
petoleum ether, yielded a further 0.15 g of the crystalline trans-monoester (XXVIII), m.p. we 714° (total yield 63h). 
afte: crystallization fom petroleum ether, the product melted at 73-74°, 


c2rboxy!-Monomethyi Ester of trans-1-Methyl-1,2-cyclohexanedicarboxylic Acid (XXIX). a) A solution of 
we cardoxy"-monomethyl ester of tans-1-methyl-4-cyclohexene-1,2-dicarboxylic acid (XXVIII, 1.5 g), m.p. 
73-74*, in 15 ml 0: absolute methanol was treated with hydiogen in presence of a Pd catalyst. One molecule of 
= ycrogen (185 ml at 750 mm and 16°) was absorbed. When the solvent was distilled off, the hydrogenation product — 
was c2used to solidify by treatment with petroleum ether, and was recrystallized from a mixture of beazene and 


peToieum ether (1:5), yielding 1.35 g of the trans-monoester XXIX, m.p. 92-93°, which is in accord with data in 
tae hierature [2]. 


- Found %:. C 59.73; 59.74; H 7.92; 8,02 
Ch Og. Calculated Cc 60.0 H 8,05 


Anilide: The uans-monoester XXIX (0.3 g) was weated in the usual way with phosphorus pentachloride and 
omlne in ether solution, and 0.2 g of a crystalline product was obtained, which melted, after recrystallization from 
Sz methanol, at 103-105° and corresponded in analysis to the normal trans-anilide (XXXII). 


Found %: C 69.89; H 7.87; N 5.23 
C Calculated %: C 69.80; H 7.70; N 5,08 


b) The anhydride of wans-1-methyl-4-cyclohexene-1,2-dicarboxylic acid (XXV11.3 g) was added slowly to a 
solston of 0.35 g of sodium in 12 ml of absolute methanol, and the solution was boiled in a water bath for 30 
minutes, Water(10 ml) was added, methanol was distilled off under reduced pressure, and the aqueous solution was 

meéated with chatcoai, filtered, and acidified with hydrochloric acid. When the mixture; was cooled and allowed to 
sath the liquid reaction product completely crystallized, it was filtered off, and washed with water and with petro- 
lem ether (1.2 g, Le., 77; m.p. 86-92°). After.crystallization from a mixture of benzene and petroleum ether, it 
melied at $1-$3° and was found to be identical with the trans-monoester XXIX obtained previously (above). 


c) The dimethy! ester of tans-1-methyl-1,2-cyclohexanedicarboxylic acid (XXXI, 9.4 g) was added to a so- 
ition of 2.8 g of caustic potash in 42 ml of water and 115 ml of methanol, and the mixture was boiled for ten hours, 
Methanol was remove.’ under reduced pressure, and the residue was extracted with ether to remove unhydrolyzed 
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vacuum-distilled, yielding 6.9 g of the trans-acid-chloride XL, b.p. 96-97° (1.5 mm); np 1.4770, 


diester (2.1 g), treated wit charcoal and filtereé and acidified. The crystalline product was-filtered off ard washed 
with water and with petroleum ether (5.1 g. ie., 73% on the amount of trans-diester hydrolyzed, of the trans-mono- 
ester XXIX; m.p, 85-90°). After crystallization from a mixture of tenzene and petroleum ezher, the pure ans-mono- 
ester melted at 92-93,5°, 


Reaction of the Anhydride of trans-1-Methyl-4-cyclohexene-1,2-dicarboxylic Acid (XXVI) with Methanol, A 
solution of 4 g of the trans-anhydride XXVI in 15 ml of absolute methanol was boiled in a water bath for four hours, 
After removal of mezhanol under reduced pressure, a viscous noncrystallizing reaction product was obtained, and 
this was dissolved in a sma!) amount of warm petroleum ether and set aside at room temperature overnight with addi- 
tion of seeding crystals of the uans-monoester XXVHL. Crystals (0.15 g) of m.p, 73-75° appeared; they were identi- 
cal with the trans-monoester XXVIII. From the mother liquor, on long standing (10-15 days) a nonhomogeneous 
crystalline produci (3.2 g, m.p. 43-55% gradually separated. Fractiona] crystallization from peturcleum ether yielc~d 
0.2 g of the pure trans-monoester XXVIII and 1.2 g of another substance, which crystallized in the form of fine 
needles, m.p. 56-58", and comesponded in alaysis to the isomeric trans-monoester XXXIV. 


Found %: C 60.72; 60.76; H 7.17; 7.28 
Cyt Oy. Calculated %: C 60.6 H 7.12 


Anilide: The anilide of the trans-monoester XXXIV was obtained in the usual way. It melted, after crystalli- 
zation fiom ether, at 112-114*, and it corresponded in compositior to the norma) trans-anilide (XXXV). 


Found %: N 5.02; 5.30 
CygHy5N. Calculated %: N 5.30 


When the trans-mnonoester XXXIV was hydrogenated in methanol in presence of a Pd catalyst, a saturated 
liquid trans-monoester was obtained. This was converted into an anilide in the usual way, and the product, crystal- 
lized from a mixture of diethy}] ether and petroleum ether, melted at 98 - 99° and corresponded as composition to 
the norma! w4ns-anilide (XXXVI. 


. Found %: N 5.14; 5,07 
Calculated N 5.08 


Acid Chloride of the carboxv!-Monomethy] Ester of trans-1-Methyl- 4-cpclehentne- 1,2-dicarboxylic Acid 
(XXXVI). Oxalyl chloride (10 ml) was added to a solution of §.5 g of the trans-monoester XXVIII in 70 ml of abso- 
lute benzene, The solution was set aside at room temperatwe overnight and then heated at 40° for 30 minutes. 
Benzene was distilled off, and the residue was.a vacuum -distilled, yielding 8.7 g of the trans-acid chloride XXXVIL, 
b.p. 104-105* (4 mm); 1.4880, 


Found %: Cl 26,55; 16.61 
C Calculated %: C1 16,35 


With aniline in ether solution the acid chloride XXXVI gave the pure trans-anilide (XXXII), m.p. 133-134°. 


Acid Chloride cf the carboxy-Monomethy] Ester of trans+1-Methyl-1,2-cyclohexanedicarboxylic Acid (XL). 
Oxaly! chloride (7 ml) was added to a solution of 6.6 g of the mans-monoesrer XX1X in 60 ml of absolute benzene, 
and the solution was set aside at room temperature for two hours. The solvent was distilled off, and the residue was 


. Found %: Cl 16.35; 16.26 
C Calculated %: Cl 16.17 


With aniline in ether solution it gave the normal anilide, m.p. 104-105°, identical with the trans-anilide XXxXIII. 


trans-6 -C arboxy-6- me thy!-3-cyclohexene-1-acetic Acid XXXVIII). A solution of 3 g of the trans-acid 
chloride XXXVII in 20 ml of absolme ether was added slowly to a cooled stirred dry etherea! solution of 2.5¢ of 
diazomethane, and the mixture was set aside at room temperature overnight, Ether was removed under reduced _ 
presswe, and the crystalline residue of diazo ketone was dissolved._with cooling in 60 ml of absolute methanol, 
Freshly prepared silver oxide (0 8 g) was added, and the mixture was boiled for eight hows, The solution was 
treated with charcoal and filrered, methano] was removed under reduced pressure, and the liquid residue was hydro- 
lyzed with 15 ml of 40% caustic potash and 10 m! of methanol at the boil for four hours. The solution was treated : 
with charcoal and filtered, methanol was distilled off under reduced pressure, and the aqueous soluiion was acidified >, B26 
with hydrochloric acid. The crystalline product was filtered off and washed carefully with water (2.35 g, i.e., 85.5%; 
m,p. 193-197°). Two crystallizations from acetone yielded pure wans-6-carboxy-6- ‘methyl - 3-cyclohexene-1-acetic 
acid (XXXVIU) having a constant meltng point of 205-206°, 


63 


<2 
| 
; 
. 
: 
4 
3 
« 
- 
£ 
| 
i = 
a 


Found %: C 60.73; 60.75; H 7.10; 7.2% 
Cig Og Calculated’: C606  j$H1.12 


trans-2-C arboxy-2-methicyclohexaneacetic Acid (XXXIX). 2) An ethereal solution of 2.0 g of the trans-acié 

chlonde XL was added siow!y to a cooled dry ethereal} solution of diazomethane prepared from 10g of methylnitreso- 
urea , and the mixture was set aside at room temperatute ovemight. Ether was removed under reduced pressure, 
and oe crystalline diazo ketone (m.p. $2-44°) was dissolved in 40 m) of cold absolu.e methanol; 0.6 g of silver oxide. 
was added, and the mixture w2s beiled for six hours. Methanol was distilled off, and the quid product was ‘hydro- 
lyzed with 10 mi of 40% caustic potash and 5 ml of methano) at the boil for five hours, The solution was filtered 
and acidified with hydrochloric acid, A semisolid produet was precipitated, and this was filtered off and washed 

with water and 2 mixture of acetone and petroleum ether (1:5). The product, 0.8 g of a crystalline acid, m=. 175- 
177°, wzs pure trans -2-carboxy- -2-methyicyclohe xaneacet¢ acid (XXXIX) [2]. 


Found %: C 60.07; 60.32; H 8.35; 8.25 
Oy. Calculated %: C 60.0 


The aqueous mother liquor and washings were evaporated to dryness under reduced pressure and extracted with 
acetone. Removal of acetone and treatment of the residue with petroleum ether yiclded a further 0.2 g of the trans- 
‘acid, m.p, 165-175*, and this, after crystallization from a mixture of acetone and — ether (1:2) melted at 
176-177. The total yield was 60%, 


b) ution of 0.8 tans-6-carboxy- 6-methyl- 3-cyclohexene -1-acetic acid’ (XXXVI) in 20 ml of 
absolute methz no} was hydrogenated over a Pd catalyst, and one molecule of hydrogen was absorbed. The solvent 
was disulled otf; and the hydrogenation product was washed on the filter with a mixture of diethyl ether and petro- . 
leum ether (i: 2), and yielded 0.75 g of pure trans-2-carboxy-2-methylcyclohexaneacetic acid (XXXIX), m.p, 175- 
177°, identicai with the product obtained in the first experiment. 


SUMMARY 


1. The crystailine cis-monoester VI and the liquid cis-monoester IX have been prepared from the cis- 
anhydride V1, the cis-dicarboxylic acid VIII, and the ester.of this acid (xX). By hydrogenation of these monoesiers 
the corresponding saturated cis-monbesters X] and XIII have been prepared, and the structures of these have been 
proved by converting them into the known cis-carboxymethyl cyclohexaneacetic acids XVI ard XX. 


2. It has been found that, when the unsaturated cis-monoesters VII and IX and their acid chlorides xIV and 
XVII react with aniline at 30°, the same product, the phenylimide XXIII, is obtained in all cases. Only under very 
mild reaction conditions (0°) was it possible to isolate the corresponding cis-anilides (XXIV and XXV), readily con- 
verted when heated with phosphoryl chloride into the phenylimide xXIIL 


3. In the case of the cis-acid chlorides XVII and XXI, lengthening of the carbon caain occurs with partial 
conversion to the corresponding wanms-acids XXXVIII and XXXIX. The secondary carboxy group enters into the 
Arndt-Eistert reaction considerably more readily than the tertiary carboxy] group. 


4. The uans-monoester XXVIII, hydrogenation of which gives the saturated trans -monoester XXIX, was pre- 
pared in satisfactory yield from the trans-anhydride XXVI and the trans-diester XXVIL. 


5. The monoester and acid chlorides of the tans series readily. give stable anilides, and they enter the Arndt- 
Eistem reaction considerably more readily than do the monoesters of the cis series, 
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HETEROCYCLIC COMPOUNDS 


COMNUNICATION XXIX. STEREOISOMERISM OF 2,5-DIMETHYL-4-PIPERIDINOL, 
1,2,5-TRIMETHYL-4-PIPERIDINOL, AND THEIR DERIVATIVES 


1. N. Nazarov, D. V. Sokolov, and V. N. Rakcheeva. 


Some years ago, Nazarov and his coworkers developed a new simple method for the preparation of various 
4-piperidones by the use of fi): 


N 
J CH =CH, CH=CH, CH~CHys 
R 


The discovery of this methed, which made a very great variety of 4-piperidones readily accessible, enabled in- ~ 
vestagations into the synthesis of compounds of the piperidine series to be greatly extended and has led to the dis- 
covery of very valuable new medicinals having a sedative action (substitutes for morphine). The physiological 
activity of these compounds is generally greatly dependent not only on the number, disposition, and nature of the 
substituens in the piperidine ring, but also on their spatial arrangement. Investigations into the stereochemistry of 
piperidine derivatives are, therefore, not only of theoretical; but also of practical interest; and the ir importance 1s 
increased by the fact that this field has received very little study. As our starticg substance for. these stereochemica] 
investigations we selected 2,5-dimethyl -4-piperidone (I), which is readily prepared from 2- feacpoen -5-hexen-3-yn- 
2-01 according to the following scheme: 


C 
CH=CH, CH, CH~CH, CH, CH=CH, 

6) 

Cc 

CHs~CH CH, 
NH; 
CH, CH-Cay 
(1) 
The piperidone I, having two asymmetric carbon atoms, may exist in two racemic forms, cis and trans: 
Oo 
CHy~" 
NH NH 
cis form trans for) 


* This article is printed at greater than the prescribed length by permission of the Editorial Board. 


65 


a 
4 
~ : 
. 
4 
2 
‘ 
1 
4 
3 
3 
: 
3 
~ 
* 
3 


all attempts, however, to separate these piperidones, or their derivatives, have. aetna in the isolation of 
nly owe torm. probably the trans-form, of the piperidone I; it was not found possidle to isolate the other isomer. 
when the carbonyl group of che piperidcne 1 was reduced, 2,5-dimezsyl-4-piperidinol (1) w*s formed, and this 
now has three asymmetic ca.bon atoms and may ext in four racemic forms comesponding to the following 
spatial dispositions of substiwents: 


OH 


cis series trans series. 


By the detailed investigation of the methods of reducing the piperidone L we succeeded in isolating three of 
four theoretically possible racemates f 2,5-dumethyl-4-piperidinol (I), the melting — of which, and also of 
their picrates and hydrochlorides, are given below: 


H. OH ‘Base Picrate 


-Form 223° 
8 -Form 180° 210° 
-y-Form oil 188° 


3 


The a -form of the piperidinol 1 (m.p. 98°) is most readily obtained by seduction of the piperidone I by means 
of sodium and alcohol [2j. The 8 -form of the piperidinol Il (m.p, 142°) is most simply prepared by hydrogenation 
of the piperidone I in presence of a nickel catalyst [2] The y “form of the piperidinol [1 is most readily isolated by 
hydrogenation of the benzoyl or acetyl derivative of the piperidone I in presence of a nickel catalyst, followed by 
elimination of the acyl group on the nitfogen by means of hydrochloric acid, When the 6 - andy -forms of the 
piperidinol I wereheated with sodium isopentyloxide [3] they were isomerized into the more stablea -form, m.p. 
28°, which is probably one of the epimers of the trans series, The missing fourth stereoisomer of the piperidinol I 
must, therefore, be one of the epimers of the unstable cis ‘series. 


The simple methods that we have developed for the preparation of three stereoisomers of the piperidinol I 
bave made it possible to make a detailed investigation of their properties and reactions. In particular, we have 
synthesized the following benzoyl and acetyl derivatives of the a -, B-, and y ~isomers of the piperidinol I, and we 
give their meliing points in Table 1: 


H OCOC¢ig 


| | | 
H OH H H  OCOCH, j 
4 | x NH 
COC,Hs COC,Hs COC,Hs 
3 
(i; v) (VI) 
36 


. 


TABLE 1 Although the benzoyl derivatives of 
the a - and 6-forms of Il] and VJ have iden- 


In 137° 135° 160° pressed in mixture tests, and there can be - 
Iv Picr:tc ifS*; Picr*t> 250°, Picrt: 174°: no doubt that they are different. substances, 

‘adi igh yield 9 
VI 93° 93° . le readily prepared in high yield (about 90%) 


‘by the action of benzoyl chloride on the 

; : piperidinols If in presence of alkali. ‘The 
benzoic esters IV were prepared by heating benzoyl chinride with the hydrechlorides of the piperidinols I] at 140-150°, 
The mixed diacyl] derivatives V were prepared by acetylation of the benzoyl derivatives lil with acetic anhydride,’ 
and the dibenzoyl derivatives VI were obtained by benzoyiation of the monobenzoy! derivatives [I] or IV with benzoyl 
chloride. 


Methylation of the isomeric 2,5-dimethyl-4-piperidinols (i1) by means of a mixture of formaldehyde and for- 
mic acid [4] yielded the a-, B-, and y -forms of 1,2,5-timethyl-4-piperidinol (VII), the hydochlorides of which 
were conyerted by heating with benzoyl chloride into the corresponding benzoic esters (VIII). The melting points 
of these compounds, thei: picrates, and their hydrochlorides are given in Table 2. , 


TABLE 2 


(°C) 


Meiting point 


on 


re) 
= 
/ \ 
/ 
\ / 
re) 
1 
rel 
x 


e 
CHy CHs 
. Base Picrate Hydrochloride Base Picrate . - Hydrochloride 

-Form 73 143 196 Liquid 200 202 

6 -Form 78 183 Oi 


) “Form Liquid 168 


When the a-, 8-, and y-forms of 2,5-dimethy]-4-piperidinol (11) are oxidized with chromic acid, the same 
2,5-dimethyl-4-piperidoné (I) (picrate, m.p. 168-169°) is obtained in each case. This isomer of the piperidone I 
probably belongs to the ticus series, and it would appear that the second isomer (cis), which cannot be isolated, is 
formed only as a stage in the reaction (of the reduction or hydrogenation of the carbonyl group). It is quite possible, 
therefore, that, under the conditions of reduction or catalytic hydrogenation, the piperidone I and its N-derivatives ~ 
may undergo reversible cis-trans isomerization: 


N N 
R kK R 


Similar transformations may occur also under the action of organometallic Compounds (RMgX, RLi), and also 
in the condensation of 4-piperidones with acetylene in presence of caustic potash, sodamide, or sodium in liquid 
ammonia. 
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Ia a careful investigation of the conditions required for the formation of Piczates of the piperidone 1, we estab- 
lished that a comporeut ratio of 1:1 led to the formation of the normal picrate, m.p, 169° (large yeliow rods), and 
that in presence of an excess of the piperidone 1 a picrate of m.p, 138° (yellow needJes) was formed, which contained 
one molecule of picric acid for each two molecules of the piperidone The picrates are interconvertibie: 

Picrate, m.p. rege Piperidone 1 Picrate, m.p. 138° 
picric atid 


When the piperidone 1 was treated with a hot methanolic solution of an equimolecular proportion of picric acid, 
together with the ordinary picrate (m.p, 169°), the picrate of the dimethyl ketal (IX), m.p. 122-123°, was obtained 
also, Decomposition of this picrate with an aqueous solution of potassium carbonate yielded the free dimethyl ketal 
(LX), and this was hydrolyzed with dilute hydrochloric acid with formation of methanol and the piperidone I: 


CH OCH 


" The hydrochlorides of the a -, B-, and y -forms of the benzoic esters ad and VIII were tested fee their anes- . : 
thetic activity. The results cf these tests are given in Table 3, 3 Posts 


Table 3, some of the com- 
pounds were found to be 
considerably more active 
(100-200%) as local anes- 
thetics than novocaine. 
However, owing to their 
high toxicity and irritative 
action, they are not of prac- 
tical importance. 


TA BLE 3 


= The tests were carried out in the Pharmacology Department of the V. M. Molotov EXPERIMENTAL 
Kazakhstan Medica Institute by Gordin, Samarina, and Chebekova. : The 2,5-dimethyl-4- 
piperidone (I) used this 


work was by the previously described method and had the constants: b.p. 78°(7 mm); 1.4660. 


Reduction of 2,5- -Dimethyl- -4-piperidone with Sodium in Alcoholic Solution (a -Form 
of 2,5-Dimethyl-4-piperidinol, m.p. 97- -98° ) 


4 sclution of 12.7 g of 2,5-dimethyl-4-piperidone (1) in 350 ml of absolute alcohol was prepared in a flask 
fitted with mechanical stirrer, and it was stirred continuously while 35 g of sodium was added in small pieces, 
Toward the end of the reaction the liquid, which had become viscous, was warmed until the whole of the sodium 
had dissolved. When cool, the reaction mixture was diluted with 100 ml of watér and acidified with hydrochloric 
acid. The precipitated sodium chloride was filtered off, and the alcoho] and much of the water weredriven off under 
somewhat reduced pressure. The viscous residue was transferred to a separating funnel. and treated with solid caustic 
soda, The free base was carefully extracted with ether, the extract was dried with potassium carbonate, the ether 
was removed, and the residue was vacuum-distilled, yielding the piperidinol (b.p, 101-102°/ 8mm), whick crystal- 
lized in the receiver. The crystals were pressed off at the pump, washcd three times with small portions of ether, 
ang recrystallized from gasoline (b.p. 120-150*), yielding 7.3 g of the a -form of 2,5- reseanejot hs ~piperidinol qm. 
m.p, 97-98°, 


Found %: N 10,81; 10.90 
Calculated %: N 10.85 
The picrate was prepared by dissolving 0.5 g of the piperidifol in 3¢ ml of a saturated methanolic solution of 
picric acid; it was obtained in the form of rods, m.p. 173-174° (from methanol). 


Found %: N 15.77; 15.80 
C Calculated %: N 15.64 


- Conc. of Anesthetic activity in Reniei units (average values)° Novo- 
_ soln. Benzoic estets IV Benzoic esters VIII aine 
= 0.25 ‘223 259 | 569 343 409 295 | 109 
4 0.5 474 492 815 544 693 588 181 
3 629 376 924 721 1089 700 | 255 
| 2.0 594 86) 1106. 933 812 1010 309 
| 
3 
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The hydrcchloride was prepared by the action of hydrogen chloride on the piperidinol in alcoholic solution, - 
towed by precipitation with ether; it formed crystals of m.p, 222-222°. 


Frem the ether mothe: liquors, containing a mixizre of noncrysiallizing piperidinols, after removal of ether 
23 and benzeylation with benzeyl chloride in presence of alkali in the coid, about 1g of the y -form of 1-benzoyl-2,5- 


dimethyl -4-piperidinoi (I, m. 160°) was obtained. It showed no depression with anauthentic sample 
(see below). 


Hydrogenation of 2, 5-Dimethyl-4-piperidone in Presence of a Nickel Catalyst 2 “Form 
pa of 2,&-Dimethy)-4-piperidinol, m.p. 142° 


A solution ef 20.7 g of the piperidone I in 100 ml of alcohol was treated with hydrogen in presence of 1.5 g of 
Raney mckel and 0.5 ml of 20% caustic soda, After 20 hours’ shaking, 4.1 liters of hydrogen had been absorbed, 
againsi 4.3 liters required by theory. The catalyst was filtered off, alcohol was distilled off under somewhat reduced 
“pressure until a dry crystalline residue was obtained, and the residue was washed with ether and recrystallized from 
gasoline (b.p. 80-100*), yielding 4.1 g of the 6 -form of 2.5-dimethyi-4-piperidinol (I), m.p, 141-142°, in the form 


; of light scalelike leaves. 
Found %: N 10.76; 10,90 
q gON. Calculated %: N 10.85 
e The picrate was prepared by dissolving the piperidino] in a saturated methanolic solution of picric acid. It 


for med polyhedral trisms, m.p. 179-180° (from methanol). In admixture with the above-described picrate of the | 
a -form (m.p. it melted at 142-146°. 


* é Found %: N 15.90; 15.80 
Calculated %: N 15.64 


- The hydfochloride formed crystals of m.p, 209-210° (reprecipitated from alcohol). 


‘From the_mixuite of isomeric piperidinols (16.4 g) remaining. after separation of the 8 -form of m.p. 141- 142°, 
Py, 10.5 g of the y -form of 1- -benzoy -2,5-dimethyl-4-piperidinol (I) was obtained by the action of benzoyl chloride 

A in the cold in presence of caustic soda. It melted at 159-160°, and the melting point was not depressed by an authen- 
tic sample (see below). ; 


Electrolytic Reduction of 2,5-Dimethyl-4-piperidone 


‘gf Reduction was carried out at a lead cathode (10.5 cm x 11.2 cm) at a current density of 0,029 amp per sq cm 

- at 20° in a 10% solution of ammonium sulfate [3} The cathode-space was separated from the anode by means o1 a 

porous pol. The cument was switched on, and 20 ml of the piperidone ] was added tw the cathode department, when 

evolution of hydrogen stopped. The reduction was discontinued after five hours (theoretically, 2 houts 30 minutes 

3 was required), The cathode solution was transferred to a-Claisen flask, acidified with hydrochloric acid, and evapora- 
ted almost to dryness under reduced pressure. Excess of solid caustic soda was added to the residue, and the liberated 

i base was extracted with several portions of hot gasoline (b.p. 80-200°), When the gasoline solution stood overnight, 

: 2.2 g of crystals-were precipitated, and these, after recrystallization, melted 4t 141-142° and showed no melting- 
point depressinn in admixture with the 8 -form of 2,5-dimethyl-piperidinol obtained in the preceding experiment. 
Benzoylation of 2,5-Dimethyl-4-piperidone | 


2,5~NDimethy!-4-piperidcne (1, 30 g) and water(236 ml) were placed in a three-necked round-bottomed flask 
provided with a mechanical stirrer, Benzoyl chloride (50 g) and 15% caustic soda (100 ml) were added alternately 
in small portions under continuous stirring. The layer of viscous oi] that formed was transferred to a separating 
funnel, washed with a 50% solution of caustic soda, and extracted with benzene. The benzene extract was dried 
with potassium carbonate, and the benzene was distilled off. Two vacuum distillations yielded 50 g of 1-benzoyl- 
2,5-dimethy~4 -piperidone in the form of a viscous oil, b.p, 192-193°(5 mm). On long standing, and also when 


rubbed with a glass rod, the oil crystallized completely, giving colorless crystals, m.p, 64-65° (from petroleum 
ether). 


Found %: N 6,04; 6.03 
CyHyONN. Calculated %: N 6.06 


A solution of 0,47 g of 1-benzoyl-2,5-dimethyl-4-piperidone was mixed with a solution of 0.4 g of 2,4- 
dinitophenylhydrazine and 1.4 ml of concentrated hydrochloric acid in 80 ml of alcohol, The mixture was heated 


for ten minutes in a water bath and then set aside for five days, when 0.35 g of the 2,4-dinitrophenylhydrazone was 
obtained (m.p, 211-212°, from a mixtwe of chloroform and alcohol). 
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Found %: N 17,09; 17,08 
Calculated %: N 17.00 


of 1- -Benzoy!- -2,5-dimethyl-4-piperidone 


1-Beazoyi- -2 5- -dimethy! -4-piperidone (21.4, mp. 64-65°) was hydrogenated as a solution in 120 of alco- 
hol in presence of 0.5 ml of 20% caustic soda and 15g of Raney nickel. Tne calculated amount of hydrogen 
(2500 ml) was absorbed when the flask had been shaken for six hours. The catalyst was filtered off, and the alkali — 
was neutralized with a few drops of hyd-schloric acid. Alcohol was then removed under eemegae pressure, and the 
residue remmainitg in the flask crystallized completely. 


Three further similar experiments were carried out, and in this way altogether 120g of a crystalline mixture 
of isomers of 1-benzoy!-2,5-dimethy!-4-piperidinol (II) was obtained. From this mixture, by fractional crystallizs- 
tion from benzene, 47 g of the pure y -farm of 1-benzoyl-2 2,5-dimethy]-4- piperidino!, m.p. 159-160°, was obtained. 


Found %: N 6.02; 6.09 : 
«Calculated: N 6.01 


The phenviurethan melied a: 178-179° (from gasoline). 


Fount %: N 8.08; 8.09 
Calculated N 7.96 


The benzene mother liquor was evaporated down, and gasoline (b.p, 80-100°) was added, resulting in the 
separation of 2 further 30 g of crystals, m.p. 88-95°, which consisted mainly of a mixtuge of the a.- and 6 -forms of 
1-benzoy!-2,5-dimethy! -4-piperidinol, 


Found %: N 6.05; 6.04 
CyginN. Calculated: N 6.01 


Hydrolysis of -Form of of 
2.5-Dimethyl-4-piperidinol, m.p. 87° 


A s.ixcure of 10 g of the pure y -form of .1-benzoyl-2,5-dimethyl-4-piperidinol (Il, m.p, 159-160°) and 
100 ml of 12% bydrochloric acid was heatéd ina boiling water bath for 35 hours. The benzoic acid formed was 
filtered off, ami the filtrate was evaporated to dryness and then treated with a 50% solution of caustic soda. The 
free base was extracted with ethe:, dried with potassium carbonate, and vacuum-distilled, yielding 4 g of the 
y -form of 2,5-dimethyl-4-piperidinol (11), b.p. 82-84°/ 2 mm, which completely crystallized in the receiver. It 
melted, after two crystallizations fom gasoline, at 86-87°. 


Found %: N 10.71; 10.72 
C#igON Calculated %: N 10.85 


The picrate formed a thick noncrystallizing oil. The hydrochloride.was prepared by the action of hydrogen 


chioride on the piperidinol in methanol] solution, followed by precipitation with dry ether (large needles, m.p. 
187-188"). 


When the mixture of isomer: of i-benzoyl-2,5-dimethyl-4-piperidinol of m.p. 88-95° was hydrolyzed in a 
similar way, Me @- and 8-forms of 2,5-dimethyl-4-piperidinol were isolated; they melted respectively at 98° and 
142°, unde pressed by additor of the above-described samples, The 8-form(m.p, 142°) was precipitated directly 
from ether, and the a -form (mp. $8*) was then separated from the mother liquors via the hydrochloride. Hence, 
in the hydrogenation of i-benzoyl-2,5-dimethy!-4-piperidene in presence of a nickel catalyst, three isomeric forms > 
(a, 5, and » } of 1-benzoyi-2,5-dimethyl-4-piperidino! (M1) were formed. 


Acety? ation of 2,5-Dimethyl-4-piperidone with Acetic Anhydride 


Acetc anhydride (36 g) was added with cooling and stirring to 37.2 g of 2,5-dimethyl-4-piperidone, and the 
solution obt2ined, which had become warm, was heated in a boiling water bath for 30 minutes, Acetic acid and ex- 
cess of acetic anhydride were distilled off under reduced pressure, and the residue was washed with 50% caustic soda 
and exacted with benzehe. The benzene extract was dried, and the benzene was removed. Prete distillation 
of the resicue yreided 43 g of 1-acetyl-2,5-dimethyl-4-piperidone, b.p, 122-124°(3 mm); nz 1.4943; ae 1,0792; 


found MR 45.56, calculated MR 45.52, On standing, the substance solidified completely to ateeail of ma 56-57° 
(from petoleum ether), 


Found %: N 8.38; 8.31 
Calculated %: N 8.28. 


Acetylation of 2,5- -Dimethyl-4 -piperidone with Ketene 


A cusrent of gaseous ketene, prepared by the pyrolysis of acetone ‘n a porcelain tube at 600- 700°, was passed . 
- for two hours through a soluton of 27.3 g of 2, 5-dinsethyl-4-piperidone in 56 il of dioxane contained in a special 
acetylation apparatus, The acetylation product, after removai of was vacuum -fractionated, yielding 34 ¢ 
of 1-acetyl-2,5-dimethyl-4-piperidone, b.p. 117-118°(2 mm); ap 1.4925; a” 1.0816; found MR 45.41; calculated ~~ 
MR 45.52. On standing, the substance solidified completely to pri a of m3 56-57°, undepressed by the sample 
obtained in the preceding experiment. The 2.4 -dinitsopheny lh ydrazone melted at 177-179 alcohol). 


Found %: N 20.19; 20,03 
Cake ulated %: 20.07 


Hydrogenation of i-acety]-2,5-dimethyl-4-piperidone 


1-Acetyl-2,5-dimethyl-4-piperidone (10.3 g) was hydrogenated as a solution in 90 ml of alcoho] in presence 
of 0.5 ml of 20% caustic soda and 2 g of Raney nickel, The calculated amount of hydrogen (1.68 lites) had been 
absorbed when the flask had been shaken fo: two hows. The catalyst was filuered off, the alcohol was driven off, 
and the residue was dissolved in benzene. The benzene solution was dried with potassium carbonate, and the residue ° 
remaining after removal of benzene was vac uun-distilled, yielding 9.4 g of a mixture of isomers of 1-acety]-2,5- 
dimethyl -4-pipe ridino! s the form of a thick syrup, b.p. 135-138°(2 min), Two further similar experiments were 
caried out, and altogeizer 30 g of hydrogenation producs was obtained, and from this, on standing, 9 ¢ of crystals 
of the pure y -form of 1-aceryl-2,5-dimethyl-4- pipendinol was obtained ia the form of long rods, m.p, 86-87% 
(from gasoline of t.p, 80-100%. 


Found %: N813:819 


Calculated %: N 8.18 
The pheaylurethan melted at 232-233° (from benzene). 
"Found %: N 9.82; 9.76 


of 1-Acetyl-2,5-dimethyl- 4-piperidinol 


A mixtwe of 5.6 g of the above -dex ribed y -form of 1-acetyl-2,5-dimethyl-4- eueiaten (m.p. 86-87%) and 
70 ml of 18% hydrochloric acid was heated in a boiling water bath for 30 hours. Acetic and hydrochloric acids were 
driven off under reduced pressure, and the residue was treated with 50% caustic soda solution. The base was extracted 
with ether, tne-ether extract was dried with potassium caibonate, and the residue after removal of ether was crystal- 
lized from gasoline (b.p. 80-100"), yielding 3g of the y -form of 2,5-dimethyl-4-piperidinol, m.p. 86-87°, unde- 
pressed by the substance obtained by the hydrolysis of the y “form of 1-benzoyl-2,5- ence piperidinol, which 
is described above. 


Isomerization of the 8-Form of 2,5-Dimethyl-4-piperidinol 


The 6 -form of 2,5-dimethyl-4-piperidinol (4 g, m.p. 141-142*) was boiled for 43 hours at 180-190° witha - 
solution of sodium isopentyloxide obtained by dissolving 7 g of sodium in 50 ml of isopentyl alcohol, An equal 
volume of water was added to the hot solution, and the layer of alcohol that separated was washed six times with 
hydrochloric acid (1:1). The acid extracts were added to the water layer, which was. then extracted with ether and 
evaporated to low bulk. The precipitated sodium chloride was filtered off and washed with hydrochloric acid. The 
mother liquor was evaporated under reduced pressure w a thick syrup and weated with 50% caustic soda. The base 
was extracted with ether, and the extract was dried with potassium carbonate, The residue after removal of ether 
was crystallized three times from gasoline (b.p, 120-150, yielding 1.2 ¢ of the a.-form of 2,5-dimethy]-4-piperidi- 
nol, m.p. 96-98°, undepressed by the above-described sample. 


‘Isomerization of the y-Form of 2,5-Dimerhyl -4-piperidinol © 
The y -form of 2,5-dimethyl-4-piperidinol (4g, m.p, 86-87*) was boiled for 46 hours with a solution of 

sodium isopentyloxide. The reaction product was treated as in the preceding experiment. After removal of ether, 

the base was vacuum-distilled, and yielded 1.1 g of crude product, b.p. 83-84° at 1.5 mm. - Three crystallizations ; 

frem gasoJine yielded 0.4 g of crystals of the. e -form of 2,5-dimethyl-4-piperidinol, m.p, 96-97°, undepressed by 

an authentic sample. 
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e-Form of -penzoyl-2,5-dimethyl-4-piperidinol 


Benzoyl chloride (2.2 g) w2s added to a cooled (ice water) solution of 2 g of the a -form of 2,5-dimethyl-4- 
pipetidine! (IN) (m.p. 97-98) in 6 ml of water containing 0.6% g of caustic soda. The mixture was shaken vigorously 
unt:i the odor of benzoyl chloride disappeared (30 minutes), The lumps that had formed were ground up, weshed 
three times with water, and dried in a vacuum desiccator, yielding 2.6 g of the @ -form of 1-benzoyl-2,5-dimethyl- 
$-p:pendinol (ID. n.p. 136-137° (from a mixture of benzene and gasoline, 7: 3). 


Found %: N 6.23 
Calculated %: N 6.05 


§-Fo 1-Benzoyl-2,5- dimethyl- -4-piperidinol 


Benzo vlauon of 2 g of the 8 -form of 2, 5-dimethy1-4-piperidinol (0, m.p, 141-142*) by the above-describea 
method yielded 2.65 g of the 6 -form of 1-benzoyl-2,5-dimethy]-4-piperidinol (1), m.p, 134-135° (from a 1:1 
mixture of benzene and gasoline). 


Found %: N 6,01; 6.09 
CygHyO,N. Calleulated N 6.05 


A mixture test with the a -form (m. P. 126-137°) obiained in the —- experiment showed a depression 
(mp. 112-116"). 


Benzoic Ester of the a@-Form of 2. 5-Dimethyl-4-piperidinol 


A mixture of 5g of the hydrochloride of the a -form ef 2,5-dimethyl-4- piperidinol(m.p, 222°) and 8 g of 
freshly disntled benzoyl chloride was heated at 140-150° until hydrogen chloride ceased to be evolved (about one 
hour). The product was dissolved in water, extracted several times with ether, and treated with sodium carbonate, 
The liberated base was dissolved in ether, and the ether solution was dried with sodium sulfate. Removal of éther * 
followed by vacuum distillation of the residue yielded 2.2 g of the benzoic ester of the a -form of 2,5-dimethyl-4- 
pipe ndinol (TV) in the form of a slightly anes liquid, b.p. 164-165° (6 mm); n§ 1.5240; az’ 1,0625; found 
MR 67.12; calculated MR 66,30. 


Found N 6.16 
Calculated: N 6,05 


2- The picrate was obtained by mixing the benzoic ester with a saturated solution of picric acid in methanol: ~ 
fine needles, m.p, 194-195° (from methanol). 


Found %: N 12.5; 12.4 
Calculated %: N 12.12 


The hydrochloride was obtained by precipitation from alcohol with ether: - minute needles, m.p, 265-266°, 
moderately soluble in water, readily scluble in alcohol. : 


Benzoic Ester of the B-Form of 2,5-Dimethyl-4-piperidinol 


A mixture of 2g of the hydrochloride of the § -form of 2,5-dimethyl-4-piperidinol (m.p, 209-210°) and 
3.2 g of benzoyi chloride was heated at 140-150°, as described above. The usual treatment yielded 2,5 g of the 
benzoic ester of the 8 -form of 2,5-dimethy]-4-piperidinol (IV) in the form of a yellowish liquid, b.p, 166° (7 mm); 
nF 1.5250; 4%? 1.0860; found MR 66.76; calculated MR 66.30. 


Found N 6,26 
Calculated N 6,05 


Picrate: long coarse needles, m.p. 235-236*(from methanol). 


Found %: N 12.47; 12.29 
Ogg. Calculated Fo: N 12.42 


Hydzochloride: fine, matted needles, m.p. 167-168.5° (from a mixture of alcohol and ether), readily soluble 
in water and alcohol 


Benzecic Este: of the y-Form of 2,5-Dimethyl-4-piperidinol 


A mixture of 10 g of the y -form of 1-benzoyl-2,5-dimethy]-4- piperidino} (I, m.p. 159-160% and 10 g of 
freshiy distilled benzoyl chloride was heated at 170° until the evolution of hydrogen chloride ceased. A current of 
cry hydrogen chloride was then passed through the reaction mixture at the same temperature for two hows, The 
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precipitated hydrochloride was washed with benzene and dissolved in a :mal] amount of water. The hydrochloride 
z was decomposed with a satvrated solution of sodium carbonate, and the liberated base was extracted with ether. 
.. Th ether extract was dried with sodium sulfate and the eil-er was d-:ven off. Vacuum distillation of the residue 
4 yielded 5.5 g of the benzoic —_ of the y -form of 2,5-dimethyl-4-piperidinol (IV) in the form of a colorless — 
- 4 liquid, b.p, 125-126° (1 mm); nb 1.5265; ae 1.0633; found MR 67.3; cakculated MR 66.3. 


_ Found %: N 5.83 
C Calculated %o: N 6.05 


Picrate; fing convex rosemes, m.p. 173-174,5° (from methanol). 


_§ Found %: N 12,13; 12.16 
CoH Calculated %: N 12.12 
. 3 Hv4rochloride: ‘fine needies, m m.p. 253-254° (precipitation from alcohol with ether), soluble in water and alco- 
hol, 


Benzoic Ester of the a-Form of 1-Benzoyl-2,5-dimethyl-4-piperidinol 


A mixture of -2 g of the benzoic ester of the a -form of -2,5-dimethy}4-piperidinol (IV), 5 ml of 10% caustic 
soda, and 1.8 g of freshly distilled benzoyl chloride was cooled with ice water and shaken until the odar-of benzoyl 
chloride disappeared. The thick mass was washed by grinding it with a 10% sodium carbonate solution and then with 

. Water, and it was dried in a vacuum desiccator, Three crystallizations from. gasoline (b.p. 80-100*) yielded 2 g of ° 
_ the benzoic cscer of the a-form of 1-benzayl- -2,5-dimethyl- 4-piperidinol (VI) in the form of large rods, m.p, 92-93°. 


Found $: N 414 


Benzoic Ester of the 6 - -Form -Benzoyl-2,5- -dimethyl- -4-piperidinol > 


From 3g of the benzoic ester of the B- -form of 2, 5-dimethy]-4-piperidinol (IV), the above-described proce- 
dure yielded 4.2 g of the benzoic ester of the B <form of 1-benzoy]-2,5- (vi) in the form of . 
long wide plates, m.p, 92-93* (from gasoline). 


Found %: N 4.13 
Calculated: N415 


Benzoic Ester of the y-Form of l-u- azoyl-2,5-dimethyl-4-piperidinol 


A mixture of 3g of the y -form of 1-benzoyl-2,5-dimethyl-4-piperidinol (Il, m.p. 159-160°) and 5g of 
benzoyl chloride was boiled in benzene solution for 24 hours. The residue remaining after remeval of benzene 
under reduced pressure was crystallized from a mixture of benzene and gasoline, The first. crop consisted of 0.5g 
of the starting material, m.p. 159-160°, After some evaporation, a precipitate of 2,5 g of the benzoic ester of the 
y ~form of 1-benzoyl-2,5-dimethyl-4-piperidine: (VI), m.p. 117-118° (from gasoline/ benzene 1:3), was obtained. 


Found %: N 4.13; 4.04 a 
CyHO5N. Calculated %: N 415 


Acetic Ester of the a-Form. of 1-Benzoyl-2,5-dimethy:i-4-piperidinol 


A mixture of 2g of the a -form of 1-benzoyl-2,5-dimethyl-4-piperidinol (11, m.p. 136-137°) and 4g of 
acetic anhydride containing one drop of concentrated sulfuric acid was heated at 60° for 7 hours 30 minutes. The 
excess of acetic anhydride was distilled off unde: reduced pressure, and the product was washed with a saturated 
sodium carbonate solution and extracted with ether. The ether extract was dried with calcined sodium sulfate, 


Vacuum fractionation yielded 2,5 g of the acetic ester of the a -form of 1-benzoyl-2,5-dimethyl-4-piperidinol (V) 
in the form of a viscous oil, b.p, 187-189°(2 mm); nf} 1.5290, 


Found %: N 5,13 
C ygH2,05N. Calculated %o: N 5.09 


Acetic Ester of the B-Form of 1-Benzoyl -2,5-dimethyl-4-piperidinol 

Acetylation of 3g of rhe B-form of 1-benzoyl-2,5-dimethyl-4-piperidinol (I, m.p. 134-135°) by the 
above-described method yielded 1.4 g of the acetic ester of the 8 -form of 1-benzovl-2,5-dimethyl-4-piperidinol 
(V), m.p. 125-126° (from gasoline). 


Found %: N 5.24 
CysH2O3N. Calculated %: N 5,09 
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acetic Ester of the y-Form of 


Acetylation of 5g of the y-form of 1-benzoyl-2,5-dimethy!~<~piperidinol (Il, m.p..159-160°) with 10g of 
acetic anhydiide by the method described above yielded 5 8 of the acetic ester Ot the Y -form of ae tied 
methyl-4-pipendanol (V), m.v, 92.5-93° (from gasoline). 


Found %: N 5.07, 5,26 
CygHz,05N. Calculated %: N 5.09 


of 


A mixture of 3.8 g of 22% formaldehyde, 2.2 g of 90% formic acid, and 5g of the a -form of '2,5-dimethyl-_ 
4-piperidinol ([Z, m.p. 97-98°) was boiled under reflux in a water bath until evolution of carbon dioxide ceased (6 
hours 20 minutes). The cooled solution was teated with solid caustic soda, and the base was extracted with ether. 
The ether extract was dried with calcined potassium gaia Vacuum fractionation yielded 4.7 g of the a-form - 
oi 1,2,5-uimethyl-4-pipendinol (VII), b.p. 87-89° (4 mm); nb 1.4730; a? 0.9541; Found MR 42,13; Calculated 
MR 42.41. This substance is razher viscous liquid; it crystaiiuzes completely on standing ,oblong leaves, m.p. 72-73%. 


Found %: N 9.74 
Calculated N 9.78 


Picrate: fine needles grovped together in starlike clusters, m.p. 142-143° (from methanol). Hydrochloride: 
™p. 195- 196° (precipitated by ether from alcohol). 


-Form of 1,2,5- -Trimethyl- -4-piperidinol 


Methylation of 5 g of the teh of 2,5-diméthyl-4- piperidinol (0, mp. 141-142°) by the above-described 
procedure yielded 4.3 g of the 8-form of 1 2, (VIl), m.p. 77-78*: long plates, soluble in 
water and organic solvents. 


Found %: N 9,77 
C,HyON. Calculated %: N 9.78 


Picrate: fine, matted needles, m.p. 181-182°, Hydrochloride: hygroscopic crystals, deliquescing in air. 
Benzoic Ester of the a-Form of 1,2,5-Trimethyl-4-piperidinol 


A muxture of 4.5 g of the hydrochloride of the ¢ -form of 1,2,5-trimethy]-4-piperidinol (m.p, 196°) and 6 g 
of treshly distilled benzoyl chloride was heated at 150° until evolution of hydrogen chloride ceased (20-30 minutes), 
The cooled thick mass was dissolved in water, extracted three times with ether, and decomposed with a saturated solu- 
tion of sodium carbonate. The base, which floated on the surface, was extracted with ether, and the ether extract 
was dried with potassium carbonate and vacuum-distilled, yielding 5.2 g of the benzoic ester of the a -form of 1,2,- 
5-rimethyl-4-piperidinol (VIII) in the form of an almost colorless oil, b p. 135-136° (2 mm); nf} 1.5170; d% 1.0315; 
Found MR 72.22; Calculated MR 71.26. 


Found %: N 5.45 
Calculated %: N 5.67 


‘Picrate: needles, m.p, 199-200° (from methanol), 


Found %: N 12.26, 12.19 


Hydrochloride: large needles, formed into clusters, m.p, 201-202° (precipitated by ether from alcohol); readily 
soluble in water and aleohol, 


Benzoic Ester of the B-Form of 1,2,5-Trimethyl-4-piperidinc] 
benzoylation of 6 g of the hydrochloride of the 8 -form of 1,2,5-trimethy]-4-piperidinol (m.p. 182° ) by the 
above-described procedure yielded 8.5 g of the benzoic ester of the B-form of 1,2,5-wimethyl-4-piperidinol (VIII) 
in the form of an oil, b.p, 128-130°(2 mm); nb 1,5190; a? 1,0440; Found MR 71.8; Calculated MR 71.26 
Found %; N 5.9 
Calculated %: N 5.67 
Picrate: fine needles, m.p, 217-218* (from methanol). 


Found %: N 12.03, 11.95 
Calculated Fo: N 11.76 
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Hydrochioride: thick noncrystall:z ing mass, 


Benzoic Ester of the y:Form of 1.2,5- Trimethyl- -4- dinol 


A mixture of 4.55 g of the’ benzoic ester of the y -form of 2,5-dimethyl-4-piperidinol av). 1.88 g of 20% for- 
maldehyde, and i g of 90% formic acid was heated in a boiling water bath until evolution of carbon dioxide ceased 
(40 minutes), The product was washed with sodium casbonate and extracted with ether; the ether extract was dried 
with sodium sulfate. Vacuum dictiliation yielded 4.1 g of the miner ester of the y -form of 1,2,5-uimethyi-4- piper- 
idino] (VIII in the form of a‘colorless oil, b.p. 136-137°(2.5.mm); a? 1.0399; Found MR 72.15; Caicu- 

lated MR 71. =. - 


Found %: N 6.77 
Calculated %: N 5.67 


Picrate: fine square plates, m.p. 181- 182° (from methanol). Hydrochloride (precipitated with ether from alco- 
hol): crystals, m.p. 178-179.5°, readily soluble in water and alcohol. : 


y-Form of 1,2,5- ~Trimethyi~ 4- piperidino} 


A mixture of 3, 15 g of the benzoic «ster of 1,2,5-trime thyl-4-piperidinol (van and 40m] of 2% hydrochloric 
acid was heated in a boiling water bath for two hours. Benzoic acid was filtered off, 2nd the mother liquor was evapo- 
rated and weated with caustic soda. The base was extracted with ether, and the ether extract was dried with potas- 
sium Carbonate, Vacuum distillation yielded 1,1 g of the y -form of 1,2,5-trimethy]-4-piperidinol (VII) in the form 
of a liquid, b.p, 88°(6 mm). 


Found %: N 9.70, 9.72 
C,HyON. Calculated %: N 9,78 


Ricrate: small oblong plates, m.p. 167-168° (from methanol), 


Found %: N 14.94, 14.93 
Calculated %: N 15.05 


' Hydrochloride: hygroscopic mess that did’ not readily crystallize. 
Picrates of 2,5-Dimethyl-4-piperidone 


a) Equimelecular proportions of 2,5-dimethyl-4-piperidinol (0,5 g) and picric ‘acid (0.9 g) were dissotved in 
5 ml of methanol, After some evaporation, followed by cooling, 1.04 g of a picrate was precipitated in the form of 
large yellow rods, m.p. 168-169*, The evaporated mother liquid, on standing, yielded a further 0.24 g of a picrate 
having the same melting poim. Altogether, therefore, 1.3 g (93%) was obtained, The picrate was very soluble in 
methanol, 


Found %: C 43,33, 43.49; H 4.70, 4.63; N 15.85, 15.73 
C ysHyOghy- Calculated %: C 43.84; H 4.53; N 15.73 


When this picrate (20 g) was decomposed with aqueous potassium carbonate, the product was the piperidone ¢I), b.p. 
16-17°; nt 1.4656; d®? 0.9745; Found MR 36.07; Calculated MR 35.96. The above-described picrate of m.p. 168- 
169° (1.4 g) was dissolved by heating it with 5 ml of methanol, and one meclecular proportion (0,5 g) of 2,.5-dimethyi- 
4-piperidone was added. The solution was boiled in a water bath for ten minutes. From the cooled solution 1.4 g 
(14%) of yellow needles of a picrate, m.p, 137-138°*, separated. 


b) Two molecular propertions (1.0 g) of 2,5-dimethyl-4-piperidone were added to a cold solution of one mole- 
cular proportion.(0,9 g) of picric acid in 5 ml of methanol, and 1.6 g (84%) of a picrate of m.p. 137-138° was iso- 
lated (yellow needles). This picrate is difficultly soluble in methanoL 


Found %: C 47.82, 47.88; H 5.50, 5.54; N 15.11, 15.06 
Calculated %: C 49.68; H 6.05; N 14.49 


The picrate of m.p, 157-138* (20 g) was decomposed with potassium carbonate, yielding 2,5-dimethyl-4-piper- 
idone, b.p, 75-76* (nf 1.4652; d? 0.9767; Found MR 35.96; Calcn!2ted MR 35.96); it crystallized on cooling in 
beautiful nodules, m.p, 16-17°. The picrate of m.p, 137-138*° 40.95 g) was dissolved in 7 ml of methanol, and one 
molecular proportion (0.45 g) of picric acid was added. The solution was boiled for about ten minutes. On standing, 
the solution yielded 6,84 g of the abeve-described picrate, mp. 168-169* (rods), 


* The picrates of 2,5-dimethyl-4-piperidone were investigated by G. S. Litvinenko, 
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The Dimethyl} Ketal 


2,5-Dimethyl-4-piperidone (43 g) was added carefully to a hot saturated solution of an equimcleculér propor- 
tion (30 g) of picric acid in methanol, As the pigeridoue was added the metianol boiled g-ntly. The piczate that ; 
precipitated from the cool solutiou was subjected wo repeated fractional crystallization from methanol, and as a re- 
sult 48 g of the above-described picrate of m.p, 168-169° was obtained together with 34 g of the picrate of the di- 
miethy] ketal (IX), m.p. 122-123°, 


: Found %: C 43,70, 43.87; H 5.63, 5.64; N 14.87, 14.9 
Calculated %: C 44.76; H 5.51; 13,92 * 


The picrate of m.p. 122-123* (25 g) was ground 10 a powder and mixed with 100 ml of 25% potassium carbo- 
nate, The mixture was shaken for two hows, and potassium pi. rate was filtered off and washed twice with water, 
The filmate was united with the washings and saturated with potassium carbonate, and the free base was carefully 
extracted with ether, [be ether extract was dried with potassium carbonate. Vacuum distillation yielded 9.6 g (9(Fe) 
of the dimethyl ketal (IX) in the form of a colorless oil, b. p. 81-82° (6 mm); ng} 1.4595; a? 0.9869; Found MR 47.98 © 


- 
Calculated MR 46.44, . 


Found %: C 61.64, 61.67; H 10,76, 10,79; N 7.73, 7.85 
CgHy0,N. Calculated %: C 62.43; H 10,98; N 8.09 


Hydrolysis of the Dimethyl Ketal (1X) 


The ketal (IX) of b.p. 81-82° (6 mm) (7.01 g) was heated in a water bath with 50 ml of dilute hydrochloric acid 
(1:1) for five hours, and 10 ml of a liquid containing methanol] was then distilled oft, The residue was saturated with 
solid caustic potash, and the piperidone that floated to the surface was extracted with ether, The ether extract was 
dried “— potassium carbonate. Vacuum distillation yielded 4.72 g of 2,5-dimethyl-4-piperidone, b.p. 71-72°(5 - 
mm); ng 1.4658; d? 0.9743, which gave a picrate, m.p, 168-169°, undepressed by an authentic semple. The 10-ml 
oe distillate, pa salting out with potassium carbonate and distillation, yielded 0.68 g of methanol, b.p. 63- 

*, identified by oxidation to formaldehyde in presence of hot copper gauze. 

Oxidation of the a-, B-, 
and 87°) 


and 


-Forms of 2,5-Dimethyl-4-piperidinol (M.p. 98°, 142°, 


The’a -form of 2,5-dimethyl-4-piperidinol (m.p. 97-98°, 1.8 ¢) was dissolved in Beckmann's mixtwe (34 ml) 
aud heated at 60° for 30 minutes, The mixtwe was set aside for 20 hours at room temperature, and ther treated with 
a 50% soluticn of caustic potash. The base was extracted with ether, and the ether layer was dried with potassium car- 
bonate, Vacuum distiliation yielded 0.95 g of 2,5-dimethyl-4-piperidone, b.p, 70-71°(5 mm): nb 1.4670; a? 0.9741; 
Found MR 3.17; Calculated MR 35.94. Picrate: large yellow rods, m.p, i68-169°, undepressed by the couesponding 
Picrate obtained from 2,5-dimethyl-4-piperidone, 


The &- and y -fo:ms of 2,5-dimethy}+4-piperidinol (m.p, 142° and 87° respectively) were oxidized by the above 
5 all described procedure. The piperidones so obtained gave the same picrate of m.p. 168-169°. 


SUMMARY 


1. Methods have been developed for the preparation of three stereoisomers of 2,5-dimethyl-4-piperidinol (11), a 
and numerous derivatives of these have been described, ° 


2. By the methylation of the isomeric piperidinols (II), three stereoisomeric 1,2,5-timethyl-4-piperidinols 
(VII) have been prepared, and a number of their derivatives have been described, All of the stereoisomeric benzoic 
esters that we have prepared (IV and VIII) have been tested for their activity as local anesthetics, 
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HETEROCYCLIC COMPOUNDS 


COMMUNICATION XXX. CONDENSATION OF 4-PIPERIDONES 


WITH FORMIC, OXALIC, CARBONIC, AND CHLOROFORMIC ESTERS. SYNTHESIS OF COCAINE ANALOGS*_ 


4 ; I. N. Nazarov, D. V. Sckolov, and G. &. Litvinenko 


F 

a q ' The various 4-piperidones that have now become readily available [1] are very tmpértant starting materiak 

q for the synthesis of new medicinals that can aci as substitutes for morphine and cocaine. From 4-piperidones, Naza- 

3 _ rov and coworkers have synthesized, in particular, the new sedative promedol, the activity of which is evera] mes 

9 as as great as that of morphine, and which has a number of other valuable advantages (low toxicity, not habir-forming, 
‘a no secondary action). The local anesthetic cocaine is another important natural alkaloid, and although there are a Py 
— : large number of synthetic cocaine substitutes (novocaine, dicaine, etc.), the problem of finding new effective ames- - 


thetics is still of great importance, With thit problem in view we decided to study the ester condensations of 4-pi-- _ 
peridones (I) in order to obtain oxopipericinecarboxylic esters (Il) and convert them into the corresponding cocaine 


analogs (IV): 
OCOC 
—COOC;H; 
—CHy, 
(D (1) (Iv) 
oy: 4 The esier condensations of 4-piperidones have received littie study, there being cnly isolated communications 
x on this subject in the literature [2]. A number of oxopipericinecarboxylic esters of the rype (II) have been prepared 
_. by cyclization of esters of 3, 3'-iminodipropionic acids [3]. 
a when 1,2,5-trimethyl-4-piperidone (V) was heated with diethyl carbonate in presence of sodium in absolute 


xylene at 95-100°, the following substances were isolated: 1,2,5-uimethyl-4-piperidinol (V1), (yield about 20%), 


_— | ethyl 1,2,5-trimethyl -4-piperidyl carbonate (VII), (yield about 40%), and bis(1,2,5-trimethyl-4-piperidyl) carbo- 
nate (VII), (yield about 19%). 


a Hence instead of normal ester condensation the piperidone (Vy) merely underwent reduction to a mixture of the 

y stereoisomers of the piperidinol (VI), which then reacted with diethyl carbonate to give the carbonic esters (VII) and 
‘,. (VII). * The structures of these esters were proved by hvdrolysis with 22% hydrechloric acid to the piperidinol (VI), 


identified by conversion to the benzoic ester (IX), which was formed also as a result of wansesterification when the - 


carbonic ester (VII) was cated with benzoy) chloride, 
x When the carbonic ester (VIL) was hydrolyzed, not only the piperidinol (VI) was obtained, but also a small - 
= amount of the piperidone (V), which could be formed by the hydrolysis and decarboxylation of the keto ester (X), pres- 
a, ent as impurity, Reaction of the piperidone (V) with diethyl] carbonate in preserce of sodium ethoxide resulted in 
a the formation of only the piperidinol ‘*"1), it being found difficult to isolate any other products in a pure state, The } 
5 same result was obtained when the piperidone (V) was heated with ethyl formate in presence of sodium methoxide: } 3 
, * This article is printed at greater than the prescribed length by permission of the Editorial Board, 
> 
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CHs CH, 
v) 
—ca+o 
CH; CHy 
—CHs —CH, 
N 
| | 
CHy 
(vm) 


again only reduction to the piperidinol (VI) occurred (yield about 35%). 


When the piperidone (V) was heated with sodium in absolute xylene, a white precipitate of the sodium deriva- 


tive readily formed. Tne sodium derivative gave the original piperidone when hydrolyzed with water, and when 


(IX) (X) (xt) 


treated with ethyl chloroformate it gave the carbonic ester of the enol form (X1), (yield about 25%), which was re- 


converted to the piperidone (V) when hydrolyzed with hydrochloric acid. Attempts to effect the condensation of the 
piperidene (V) with diethyl oxalate ie presence of sodium and of sodium ethoxide) were not successful owing to resini- 
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fication, 
H OH 
N77 CHs —CHy CHy 
1 1 
COCH COCH | 
(X11) — (xv) COCHs 
m.p. 65-66° a) m.p. 191-102° a) m.p. 115-116° 
B) not isolated B) m.p. 158-159° 
OCOR H OCOC#s 
dow 
CH 
CHy cxviny bu 
(XVI) mixture of isomers a) liquid; 8) m.p. 87-88° a) liquid; B) m:p. 59-60° (XIX) 
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Completely differem results were obtained when carbonic, formic, and oxalic esteis were condensed with : 
1-acetyl-2,5-dimethyl-4-piperidone /xi1). As in the case oi alicyclic ketones, all these condensauons went nor- 
& mally (60-7C% yields), 3 corsequence of the romana aan: of the basic properties of the amine nitrogen by ace- 
tylation, 


ss Condensation of 1-aceryl-2,5-dimethyl-4-piperidone (XII) with diethyl carbonate in presence of sodium 

a or sodium ethoxide yielded the ethyl ester of 1-acetyl-2,5-dime thyl-4-oxonhipecotic acid (XID), which was hy- 
&g drogenated in presence of a nickel catalyst to a mixture of sterevisomers of the ethy) ester of 1-acety]-4-hydroxy- 
2,5-dimethylnipecotic acid (xrv). This last compound has four asymmetric carbon atoms, and may exist in the 
form of eight racemates. From ihe mixtwe of stereoisomers of the ester (XIV) we succeeded in ssolaning only one ~ 
2 individual isomer, the -isomer, 101-102°. 


When the mixture of stereoigomeric acetyl esters (XTV) was heated with hydrochloric acid or with an alco- 

4 belic solution of hydrogen chloride, the acetyl group was split off, and a mixtwe of stereoisomers of the ethyl ester 
3 B: of 4-hydroxy-2,5-dimethylnipecotic acid (XV) was formed, from which two individual isomers, mp. 115-216° and 

3 158-159", were isolated. The low-melting a -isomer, m.p. 115-116*, was obtained also by deacerylation of the 

g = a-isomer of the aceryl nipecotic ester (XIV), mp. 101-102°. Methylatioa of the individual g - and 6 -isomes of 
&£ the piperfdino] (XV) with formaldehyde and formic acid yielded the a - and §-isomers of the ethyi ester of 4-hy- 
droxy-1,2,5-trimethylnipecotic acid (XVII), which were converted by means of benzoyl chloride into the individual 
a- and B-isomes of the benzoic ester (XVIID. 


The crystaLine 8-isomer of (XVID (m.p. 87-88°) benzoylated very smopthly, wheteas the liquid -isomer of 
(XVII) was partially dehydrazed so the unsansated ester (XIX). The differézce in the behavior of the - and 6 -iso- 
mers of the piperidinol (XVI) in the benzoylation reaction M probably to be explained by a difference in the spatial 
disposition of their hydroxyl groups. ; 


When the ethyl ester of p-anennt-eatnee 5-dimethylnipecouc ont (XIV) was benzoytated with benzoyl 
chloride and then deacetylated by means of hydrogen chloride, the products, obtained as mixtures of isomers, were 
the ethyl este: of 4-benzoyloxy-2,5-dimechylnipecotic acid (XVI,.R = C,}H,) and the comesponding acetoxy com- 
pound (XVI, R = CHs). The latter compound was formed as a result of transfer “ acetyl from nitrogen w oxygen in 
the course of the benzoyiation reaction. 


The keto ester (XIII) gave an intense red color with ferric chloride. When hydrolyzed with hydrochlaric acid, 
it yielded 2,5-dimethyl-4-piperidone, formed by elimination of carboxyl and zcezy! groups, 


q | 

N N. 

CH, COCH, 


When 1-acety]-2,5-dimethyl-4-pipericone (XI) was condensed with ethyl formate in presence of sodium 
ethoxide in dry benzene solution, a 68% yield of the crystalline formyl derivative (XxX) (shown in its hydroxyme- 
.thylene enol form) was obtained; this gave an intense red color with ferric chloride, and gave the pyrazole deriva- 
tive (XXI) with 2,4-dinitrophenylhydrazine. Wien 1-acetyl-2,5-dimethyl-4-piperidone (XII) reacted under the 
same conditions with diethyl] oxalate, a 70% yield of the crystalline lactone (XXIII) was formed as a result of the 
cyclization of the oxalic ester (XXII). When the lactone (XXIII) was heated with alcohol, it was reconverted into . 


we 


c the oxalic ester (XXII), which is an oil, but it was not found possible to isolate the latter in the pure state, for when 
i. this compound was heated, elimination of alcohol readily occurred with formation of the lactone (XXII). 
4 Hence, the piperidone oxaly! derivative (XXII) differs greatly in its behavior from the oxaly] derivatives of 
‘4 alicyclic ketones, which are considerably more stable, 
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Sudium ethoxide was prepared hy sodium in twenty times its weight of absolute alcohol, ‘rhe ex- 
cess of alcohol was distilled off in a bath of Wood's metal, at first at ordinary pressure, and then under somewhat 
reduced pressure, When a crust of sodium ethoxude began to form at the walls of the flask (which generally occusred 

when ahou! two-thinds of the alcohol had been distilled off), the full vacuum of the water pump was applied. When 
the whole ‘of the alcohol-had been temoved, the sodium ethoxide was held in a vacuum of 16-15 mm at 150-155° 
for a turther 30 minutes, and then cooled down. The solidified alcohol-free foam of sodium ethoxide was broken up 
with a glass rod and then converted inw a powder by energetic shaking of thé closed flask, 2,5-Dimethy!-4-piperi- 
done was prepared from’ 2-methyl-5-hexen-3-yn-2-ol as previously describee [1]; b.p. 70-71° (5 mm); na 1,4670, 
1-Acetv!-2,5-dimethyl-4-piperidone was prepared by the acetylation of 2,5-dimethyl-4-piperidone as described in 
the preceding communication [4]); b.p, 110-112°(1 mm); nb 1.4913, 1,2,5-Trimethyl-4-piperidene was prepared . 
from 2-methyl-5-hexen-3-yn-2-ol as described previously [1]; b.p. 71-72°(10 mm); ne 1.4595, The nickel cam- 
lyst was prepared as follows [5}: Powdered nickel-aluminum alloy (10 g) was added in small portions over a period 
of 3 30 minutes ar 50° to a vigorously stirred solution of 12.8 g cf caustic soda in 50 ml of water. The mixture was 
maintained at this temperature for a further 50 minutes, and the alkali was then washed away with distilled water 
unt] the reaction was neutral to litmus. The catalyst was washed several times with 96% alcohol, and then with ab- 
solute alcohol 


Condensation of 1,2,5-Trimethyl]- -4-piperidone with Diethyl Carbonate. a) A flask containing 200 ml of ab- 

' solute xylene and 9g of sodium was heated in a water bath to melt the sod:um, and the contents were chen stirred 
while a mixtwe of 42 g of 1,2, -timethyl-4-piperidone (V) and 71 g of dry diethyl carbonate (b.p. 124-125°} was 
added over a period of 20 minutes. During the addition heating was discontinued, for a temperature of 96-98° was 
maintained by the heat of reaction. Disselution of sodium was complere 15 minutes after the whole of the piperi- 

- done had beer added; and the seaction mixtwe was then stirred for a further period of ten minutes at 94-96°, After 
removal of solvem the product was hydrolyzed with ice water (100 ml), and saturated first with carbon dioxide, and 
then witn potassium carbonate. The base, which floated to the surface, was extracted with ether, and the ether ex- 
Tact was dried with sodium sulfate: Repeated vacuum fractionation yielded & g of 1,2,5-timethyl-4-piperidinol 
(V1), b.p. 61-63°(1 mm); nS 1.4749, d®%? 0.9540, which was converted, as described in the preceding communication 
[4]. into the benzoic ester (1X), b.p. 136-138°(1 mm); nb 1.5170; 4? 1.031. From the isomeric mixture of benzoic 
esters obtained, the picrate of the 8-form of the benzoic ester of 12, 5-trimethyl-4-piperidinol, m.p. 216-218°, was 
isolarsd, and this gave no depression with an authentic sample, In this experiments, in addition to the piperidinol (VI), 
6 1,2, 5-timethy]-4- (VII) was isolated as a thick yellowish b.p. 129-131°(1 mm); 
i. +836; 1.018; Founa MR 87.65; Calculated MR 87. 


Found %: WN 8,72, 8.84 
C Ny. Calculated N 8.97 


when this ester (4.6 g) was hydrolyzed with 22% hydrochioric acid (100 ml) for 15 hours in a boiling water 
bath, the pioduct was 1,2,5- ~“taumethyl-4-piperidinol (2.1 g) b.p. 61-62° (1 mm); ™ 1.4756; a? 0.9547 


Found %: N 10,14 
CyHyON. Calculated %: WN 9,79 


' The picrate of the dipiperidy]l carbonate (VIII) melted at 215-216° (from methanol). 


Found %: N 12.64, 12.82 
Calculated %: N 19.94 


In this experiment also 10 g of intermediate fractions and 9g of resin were obtained. 


b) 1,2,5-Trimethyl-4-piperidone (17.6 g) was added w 2.3 g of sodium melted under 80 ml of absolute 
xylene, The mixture was heated for 30 minutes at 100° (until all of the sodium had dissolved), and diethy] car- 
bonate (24 g) was then added and heating was discontinued. After 30 minutes the mixture was cooled and acidi- 
fied with hydrochloric acid (1:1), The aqueous layer was saturated with potassium carbonate, and the base was” 
extacted with ether, The ether layer was dried with sodium sulfate, and the ether was driven off, leaving 22 g 
of a dark-red cil. The whole reaction was repeated three times, and the united crude product (86 g) was repeatedly 
fractionated under reduced pressure, yielding 3 g of 1,2,5-timethyl-4-piperidinol (VI) b.p. 62-63°(1 mm); n® 1.4751; 
a” 0.9562; 10 g of the above-described bis( 1,2,5- ~timethyl-4- piperidyl) carbonate (VIII), b.p. 129-131°(1 mm); 


ne 1.4840; as 1.019; which gave 1,2,5- -trimethyl-4-piperidinol when hydrolyzed with hydrochloric acid; and 33 g of 


: 


— 


ethyl 1,2,5-trimethyl-4-piperidyl carbonate (VII) as a coloriess mobile liquid, b. p. 82-84°(1 mm); ay 3.458%: 
d?* 1.1005; found MR 57.99; calculated Mk 58,02, 


Found %: N €.88; 6.94 
Calculated %: N 6.51 


when this ester was heated with bemoyl chloride (two hours a 165-170*),transesterification occurred with 
formation of the benzoic ester of 1,2,5-trimethyl-4-piperidinol (1X), b.p. 137-139° (1 mm); nh 1.5145; a%* 1.041, 
identified by isolation of the picrate of the 5 -form, m.p. 216-216°,. and by a mixture melting - eae test with an 
authentic sample, . 


Hydrolysis of the ester VII with 2% hydrochloric acid at the bpil yielded 1,2,5-trisnethyl-4-piperidinol, 
b.p. 91-93°(5 mm); nff 1.4748, and a very small amount of 1,2,5-trimethyl-4-piperidinol (V), identified by prepz.+- 
tion of the picrate, m.p. 168-169°, and by a mixture melting-point test with an authentic sample. 


c) Absolute xylene (100 ml) was added to dry sodium ethoxide powder prepared from 9.2 g of sodium, the 
temperature of the mixture was raised to 90°, and 1,2,5-trimethy]-4-piperidone (28.6 g) was added. The mixture 
was stirred for ten minutes, and dry diethyl carbonate (47 g) was added. After 15 minutes, xylene was removed from 
the yellowish reaction mixture under reduced pressure; the residue was decomposed with ice (80 g), and then satura- 
_ ted first with carbon dioxide and then with potassium carbonate. The red oil that floated on the surface, was dried 
with sodium sulfate and vacuum-fiactionated three times, yielding 6.3 of 1,2,5-trimethyl- 4piperidinol, b.p. 59-60° 
(0.8 mm); 1.4750; 0.9566. 


Found %: N 9.92; 9.76 
Calculated %: N 9.79 


In this experiment, zpart from the piperidinol VI, 6 g of higher fractions and 9.4 g. of resin were obtained. 


d) The condensation with sodium ethoxide was canied out also at room temperature (standing for three days), . 
and 14 g of 1,2,5-trimethy) -4-piperidone, 24 g of diethy! carbonate, and 27 g of oy sodium ethoxide (9.2 g of 
sodium) yielded 5,2 g of 1,2,5-trimethy]l-4-piperidino} (V1), b.p. 99-101° (9 mm); ab 1.4748 and 4.5 g of resin. 

The piperidinol VI was identified by conversion into iss benzoic ester (1X) and by isolation of the picrate of the ' 
8 -form (m.p. 216-218°, undepressed by authentic sample). 


Preparation of the Sodium Derivative of 1,2,5-Trimethyl-4-piperidone, and Izs Hydrolysis. Sodium (2.3 g) 
was melted under 50 ml of absolute toluene, the mixture was vigorously stirred, and 1,2,5- trime thyl-4-piperidone 
(14 g), dissolved in 20 ml of absolute toluene, was added at 97-100° over a petiod of one hour. Dissolution of the 
sodium was complete ten minutes after zddition of the whole of the piperidone. The white precipitate of the sodium 
- derivative of 1,2,5-trimeihyl-4-piperidone that had formed was hydrolyzed with water (30 miy. The aqueous layer 
was saturated with.potassium carbonate, and the product was extracted with toluene, dried with potassium carbonate, 
and yielding 9.6 g of the starting material, 1,2,5-trimethyl-4-piperidone (V), b.p. 88-89" 


(20 mm); n 1.4587; its picrate melted at 168-169°, and gave no depression with the picrate of the original piperi- 
done, 


Cordensation of 1,2,5-Trimethyl-4-piperidone with Ethyl Formate. A solution of 32 g of dry ethyl formate 
(b.p. 54~-55*) and 28 g of 1,2,5-timethyl-4-piperidone in 30 m] of absolute benzene was added to a boiling suspen- 
sion of dry sodium methoxide (from 9,2 g of sodium) in 100 ml of absolute bemzene. The mixture was boiled for 
two hours, and the solvent was distilled off under reduced pressure. The brown residue was dissolved in 75 ml ot 
15 % hydrochloric acid, and the solution was saturated with potassium carbonate. The.product was extracted with 
ether, the ether extract was dried with sodium sulfate, and the ether was driven off. Vacuum fractionation yielded 
9 g of 1,2,5-wimethy] -4-pipe:idinol (Vt), b. P. 49-51° (0.5 1.4749; 0.9540; found MR 40,29; calculated 


MR 40.42, 
Found %: N 10,19; 10.04 + 
CyHyON. Calculated %: N 9.79 4 


The 1,2,5- penny” me piperidinol (V1) obtained was identified by its conversion into the benwic ester (1X), 
b.p. 120-121°(0.5 mm); n B . 5180; a? 1,031, and by the isolation from this mixture of stereoisomeric benzoic 
esters of the picrate of a B-form, m.p. 216 -218°, undepressed by an authentic sample. In this experiment, apart 
from the piperidincl VI, 8.5 g of intermediate fractions and 4.5 g of resin were obtained. When the condensation 
was carried out in the cold, the piperidinol VI was not formed: the reaction produci was a red oil, which did not 


crystallize and could not be distilled without decomposition at 1mm. The oil an intense red color with 
ferric chloride, 
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Condensation of 1,2,5-Trimethyl-4-piperidinol with Ethyl Chloroformate, A solution of 11 g of treshly dis- 
tilled ethyl chloroformate in 16 ml of dry toluene was added dropwise to a vigorously stirred, cooled (10-12*) suspen- 
sion of the sodiuin derivative of 1,2,5-trirethyl-4-piperidone, prepared as descrited cbove frum 14 g of the piperi- 
done and 2,3 g of sodium. After 30 minutes, the socium chloride that had formed was washed out with water, and the 
product was extracted with toluene. The extract was dried with sodium sulfate, the toluene was distilled off, and the 
residue was vacuum -fractionated three times, yielding 6.3-g of ethyl 1,2,5,6-tetrahydro-1,2,5-trimethyl-4-pyridy! 
carbonate (XI) as a colorless mobile liquid, b.p. 73-76°(1 mm); nf} 1.4640; d%° 1.019; found MR 57.67; calculated 


. Found %: N 6.85; 6.78 
C Calculated %: WN 6.57 


There were 21s0 obtained I g of the original 1,2, 5-trimezhy]-4-piperidone (identified by the picrate), 5 g of . 
intermediate fractions; and 2 g of tar. The picrate of the ester X] melted at 143-144° (from methanol). 


- Found %: N 12.90; 12.84 
Cy Calculated %: WN 12.67 


The ester XI (5.3 g) and 100 ml of 22% hydrochloric acid were heated in a boiling water bath for ten hours, 
The usua! weatmentr yielded 1.6 g of 1,2,5-trimethy]-4-piperidone (VY), b.p. 64-65° (5 mm); nf 1.4599, which gave 
a picrate of m.p. 168.5-169°, undepressed by an authentic sample. . 


_ Condensation of 1-Acetyl-2,5-dimethyl-%-piperidone with Diethyl Carbonate. a) Ina flask fixed with mechan- 
ical sturrer and reflux condenser protected with a calcium chloride tube, a mixture of 25.4 g (0.15 mole) of 1-acetyl- 
2,5-dimethyl-4-piperidone (XII), 35.4 g (0.3 mole) of diethy! carbonate (b.p. 125-126°; dried over sodium), and 4.5g 
of sodium was heated until the sodium melted (100°). Exothermic reaction accompanied by frothing set in. Aiter 
30 minutes the reaction mixtiwe was cooled, hydrolyzed with water (about 30 ml), and acidified with nydrochloric 
acid. The product was extracted with benzene, and the extract was dried with sodium sulfate. Afterremoval of sol- 
vent, two vacuum fractionations- yielded 12 g (3H) of the ethyl ester of 1-acetyl-2, 5-dimethy!-4-oxonipecotic 
acid (XIII) as a thick colorless oil, b.p. 136-138" (1.5 mm); nff 1.4975; d2° 1.1245 found MR 62.75; calculated MR 
for the keto form 61,04, and for the enol form 62.08. 


Found %: N 5.67; 5.98 
Calculated %: N 5.81 


The condensation product gave an intense red color with an alcoholic solution of ferric chloride. During 
the condensation much resinification occurred: 13,9 g of resin remained after the fractionauons. When a lower 
excess (20%) of diethyl carbonate was used, the yield was reduced w 16h. 


b) A mixture of 25.4 g of 1-aceryl-2,5-dimethyl-4-piperidone, 35.4 g of diethyl carbonate, and sodium 
emoxide powder obtained from 6.9 g of sodium was stirred at 90° for 40 minutes. The product was hydrolyzed with 
water (40 ml), acidified with concentrated hydrochloric acid, saturated wih common salt, extracted with benzene, 
dried with sodium sulfate, and vacuum-fractionated, yielding 13.2 g (36.5) of the above-described ethyl ester of 
1-acetyl-2,5-dimethyl-4-oxonipecotic acid (XII), b.p. 141-142°(1.7 mm); 1.4982; 1.1243, 


Found %: N 6.29; 6.23 - 
C 4N. Calculated %: N 5.81 


A residue of 11.2 g of resin remained in the flask. When the condensation temperatwe was reduced, the 
yield was progressively improved: 42% at 80°, and 54% at room temperature (15-20%), When a ‘ower excess (30%) 
of diethyl carbonate was used, cheyield sbtained at 1oom temperature was reduced to 46%. The best yield (5%) 
was obtained when the condensation was-carried out as described below. 


c) A mixture of 25.4 g of 1-acetyl-2,5-dimethyl-4-piperidone, 35.4 g of dry diethyl] carbonate, and sodium 
éthoxde powder prepared from 4.6 g of sodium was kept in a closed flask at 15-20° for ten days. The product was 
treated as described above, and yielded 20 g (55) of the ethyl ester of 1-acetyl-2,5-dimethyl-4-oxonipecotic acid 
(XII, b.p. 134-136°(1 mm); nt 1.4938, After long standing the product crystallized, and it was recrystallized 
from petroleum ether in the form of needles, which formed rodlike clusters, m.p, 65-66". 


Found %: N 6.07; 5.77 
C Calculated %: N 5.81 


Hydrolysis of the Ethyl Ester of 1-Acetyl-2,5-dimethyl-4-oxonipecotic Acid, A mixture of 8,1 g of the ethyl 
ester of 1-acetyl-2,5-dimethyl-4-oxonipecotic acid (b.p. 134-136°/1 mm) and 100 ml of 22% hydrochloric acid 
was heated in a boiling water bath for 32 hours. The hydrochloric acid was distilled off under reduced pressure, 
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tic acid (XTV). 


m.p. 158-159°, 


Fraction I, b.p, 151-156°(1 mm), 2.5g 


and the residue was dissolved in water. The aqueous solution was saturated with pozassium carbonate, and the base 

w2s extracted with cther, dried = potassium carbonate, and vacuum-distilled, yieMing 2.5 g of 2, 5-dimethy1l-4- 

& _. piperidone, b.p, 72-73° (6 mm); ng 1,<67C. Its piczete melted at 163-169* and gave no depression with che picrate 
of authentic 2,5-dimethyl-4-piperidone. 


Fraction 0, b.p. 156-161°(1 mm), 5.7 g 
Fraction Il, b.p. 161-170°(1 mm), 5.9g 


C 


C gH 


C 


Fraction Il, b.p. 161-170°(1.mm); n 


- 


C yg 


C 
Hydrochloride: colorless scales, m.p. 198-199° (reprecipitation from alcohol with ether). 


Calculated: 


D2 -4892; az? 1,125; found MR 62.38; calculated MR 62.55. 


Found 
Calculated 


Ethyl Ester of 4-Hydroxy-2,5-dimethylnipecoric Acid. 


Found 
Calculated 


Fraction 1, b.p, 151-156°(1 mm); nff 1.4402; dB} 1.105; found MR 63.58; calculated MR 62.55.. 


Found %: N 6.00; 6.06 
Calculated %: N 5.76 


Fraction II, b.p: 156-161* (1 mm); nff-1,4902; d?° 1.1185; found MR 62.85; caleulated MR 62.55. 


Found So: 
Calculated %: 


N 5.99 
N 5.76 


N 5.80; 5.92 


N 5.76 


N 5.57;5.95 
N 5.76 


a) A mixture of isomers of the ethyl ester of 1-acetyl- 
4-hydroxy -2,5-dimethylnipecotic acid obtained as described above by the hydrogenation of 14.6 g of the ethyl ester 
of 1-acetyl-2,5-dimethyi-4-oxonipecotic acid (XIII) in presence of a nicke] catalyst was dissolved in 150 mi of 
absolute alcohol, The solution was saturated with dry hydrogen chloride and beiled under reflux for 28 hours. 
solvent was distilled off, and the residue was vacuum-dried and again dissolved in 150 ml of absolute alcohol, satura- 
ted with hydrogen chloride, and boiled under reflux for 10 hours. The alcohol was driven off, and the residue of hydro- 
chloride was dissolved in water (30 ml), washed with benzene, decomposed with potassium carbonate, and extacted 
with ether, During extraction a precipitate formed of the ether-insolubie high-melting B-isomer of the ethy] ester 

of 4-hyd@oxy-2,5-dimethylnipecotic acid (XV), which was recrystallized from dry benzene, yielding 3.4 g of leaves, 


Found %: N 7,10; 7.28 


Calculated %: N 6.92 


Picrate yellow hexagonal plates, m.p, 204-205° (from absolute alcohol): 


Found %: C 45.07; 44.93; H 5.18; 5.24; N 12.60; 12,52 


Calculated %: C 44.65 


Hydrogenation of the Ethyl Ester of Acid. Nickel catalyst (about 5 g) 
was added to a solution of 16 g of the ethy] ester of 1-acety]-2,5-dimethy] -4-oxenipecotic acid (b.p. 134-136°/1 mm) 
in 80 ml of absolute alcohol. In the course of 14 hours’ shaking, 1.65 liter of hydrogen was absorbed, against 1.66 
liter required by theory. The solution gsve no color with ferric chloride. After filtration from catalyst and remeval 

of alcohol, the hydrogenation product was vacuum-frattionated, yielding 


All three fractions were mixt ures of stereoisomers of the ethyl ester of 1-acetyl-4-hydroxy-2, 5-dimethylnipeco- 


After standing fcr a long time, this fraction partially crystallized, The crystals were separated and recrystallized 
from petroleum ether, yielding 1.6 g of an isomer of the ethy] ester of Se Se 5-dimethylnipecotic 
acid having m.p, 101-102°, 


The 


Found: M 200.5; 200.4; (titration with 0.1 N HCl] with methyl orange indicator) 
M 201.3 


The ether extract obtained after separation of crystals of m.p, 158-159* was dried with sodium sulfate, and the 
solvent was then distilled off, When the oil that remained was vacuum-distilled, it boiled over a wide range (103-180°/ 
1.5 mm), and it was, therefore, again boiled with an anhydrous alcoholic solution of hydrogen chloride (twice; 36 and 


e 

0 
| 
q 
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-17 haurs}). To the oul obtained after the usual weatment (3.7 g), three nines its amount of dry ether was added. The. 
cryst2 ls that came down afrer ¢ while (2.1 g) were recrystallized from dry benzene, and yielded 1.2 g of the low- 
meiting a -1somer of the ethyl ester of 4-hydroxy -2,5-dimethylnipecc.ic acid (XV), which formed clusters of needles, 
115-316". 


Found %: N 7.14; 6.77 


Found: M 200.3; 200.1 
Calculated: M 201,3. 


The product was generally of good solubility in organic solvents, but did not dissolve readily in petroleum ether, It 
was difficult to recrystailige owing to its tendemy to form supersaturated solutions. ; 


Pirate: nodules, m.p. 142-143° (from a mixture of alcohol and petroleum ether). 


Found %: N 12.75; 12.84 
C Calculated %: N 13.03 


Hydrochloride: fine crystals, m.p, 185-186" (re precipitated from alcoho! with ether). o> 


In this experimen: there was also 2 g of the criginal ethyl ester of 1-acetyl-4+hydroxy-2, 5~dimethy)- 
mpecouc acid, b.p. 145-163°(1 mm); nfy 1.4902; a 1.118, 


b) A solution of 16.2 g of a: mimwe of isomers of the ethyl ester of 1-acetyl-4-hydroxy-2,5-dimethylnipecotic 
acid, obtained by hydrogenation of the ethy] ester of 1-acetyl-2,5-dimethyl-4-oxonipecotic acid in presence of a. 
nickel catalyst, in 40C ml of 10% hydrochloric acid was heated in a wate: bath for 60 hours. The hydrolysis product, 
afte: compiete removal of hydrochloric acid unde: reduced pressure, was dissolved in 150 ml of absolute alcohol, and 
the solution was boiled in presence of hydrogen chloride for 16 hours in o'er to esterify the carboxyl group. The al- 
cohol was distilled off, the residue was weated with potassium carbonate, and the base was extracted with ether, The . 7 
substance that was then precipitated was separated and recrystallized from dry benzene, yielding 3.2 g of the ether- 
imsolubse high-melting B -isomer of the ethyl ester of 4-hydroxy-2,5-dimethylnipecotic acid (XV), m.p. 158-159". 
After removal of ether from the ether extract and crystallization ef the residue from dry benzene, 2,3 g of the low- 
melting a -isomer of tie ethyl ester of 4-hydroxy-2,5-dimethylnipecotic acid (XV) of m.p, 115-116° was obtained. 


c) A solution of 1.4 g of the crystalline isome: of the ethyl ester of 1-acetvl-4-hydroxy-2,5-dimethylnipecotic 
acid (mp. 101-102*) in 106 ml of absolute alcoho) was saturated with dry hydrogen chloride and boiled under reflux 
tor 30 hours. The usual meatment yielded 0.6 g of the low-melting a -isomer of the ethyl ester of 4-hydroxy-2,5- 
dimethylnipecotic acid (XV), m.p. 115-116*, and 0.6 g of the original substance, m.p, 101-102°, was recovered um- 
changed. 


When the ethyl ester of 1-acetyl-2,5-dimethyl-4-oxonipecotic acid (26.5.g) was reduced with 2.5% sodium 
amalgam (750 g) in 4% aqueous2lcoho] (150 ml), and the product was heated with hydrogen chloride in absolute 
alcohol to eliminate the aceryl group, the products were 1.4 g of the high-melting 8 -isomer of the ethyl ester of 
+-hydroxy-2,5-dimethylnipecotic acid, m.p. 158-159°, and 5 g of a mixture of isomers, b.p. 103-122°/1.5 mm, 
from which 0.8 g of the low-melting a -isomer, m.p. 115-116°, was isolated. 


Ethyl Esters of 4-Acetoxy- and 4-Benzoyloxy-2,5-dimethylnipecotic Acids. Freshly distilled benzoyl 
chlonde (10 g) was heated with 14.3 g cf the mixture of isomers of the ethyl ester of 1-acetyl-4-hydroxy-2,5- 
dimethylnipecotic acid obtained by hydrogenation of the ethyl ester of 1-aceryl-2,5-dimethyl-4-oxonipecotic acid 
in presence of a nickel catalyst; the temperature was 170°, and heating was continued until evolution of hydrogen 
chlodde ceased (15 minutes). A current of dry hydrogen chloride was then passed through the reaction mixture for 
one hour at i60*, The product was dissolved in water, washed with benzene, and treated with potassium carbonate, 
The base was exuacted with benzene, dried with sodium sulfate, and vacuum -tractionated,; vieiting 1, 5X of the 
ester of 4-acetoxy-2,5-dimethylnipecotic acid (XVI, R = CHs), b.p, 101-102* (1 mm); nb 1.4610; a? 1,065; 

found MR 62,82; calculated MR 6z. 22. 


Found %: N 6.18; 6.14 - 
ON Calculsted %: N 5.76 


The fractionation yielded 0.9 g of ethyl ester of 4-benzoyloxy-2,5-dimethylnipecotic acid 
R = C,Hs), b.p. 160-164°(1 mm); 1.5123; 1.1145; found MR 82.16; calculated MR 81,81, 


; Found %: N 4,97; 4.90, 
Cy Calculated N 4.59 


| | 
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Each of these esters is a mixture of stereoisomers, and they give oily picrates and hydrochlorides, 


Ethy! Ester of 4-Hydroxy-1, 2 ,5-trimethylnipecotic Acid (XVIL, a-isomr). A mixture of 4.4 g of the low-. 
meiting a -isome; of the ethyl ester of “4-hyaroxy -2, 5-dimeth ylripecotic acid (m.p, 115-116"), 3.4 g of 29% furmal- - 
dehyde, and 14g of 90% formic acid was heated in a boiling watez bath until carbon dioxide ceased to be evolved 
(40 minutes), The cooled solution was treated with potassium tarbonate, and the base was extacte¢ with ether, 
dried with magnesium sulfate, and vacuum-distilled, yielding 4.3 g of the a -isomer of the =thyl ester of 4-hydroxy- 
1,2, acid (XVID, b.p, 112-113°(1 mm); nB 1.4778; a? 1.0528; found MR 57.86; calculated 
MR 57,93, 


Found $: C 62,02; 61.98; H 9.99; 10,04; N 6.58; 6.52 


Calculated C 61.36; 9.83. N6.51 
Found: M 215.4; $24.6 
Calculated: M 215 


Picrate: yellow rods, m.p. 141-142° (from absolute 2lcohol). 


_ Found %: N 12.83; 12,31 
Citi Calculated %: N 12.61 
Hydrochloride: colorless rosetiés, m.p. 151-152° (reprecipitated from aicohol with ether). 


Ethyl Esters of 4-Benzoyloxy~1,2, 5- -trimethyinipecotic Acid (XVIIL -isomer) and of 1,2,5,6-Tetrahydro- 
1,2,5-tnmethylnicotinic Acid (XIX). “A mixiure of 3:6 g of the above-described hydrochloride‘of the ethyl ester 
of 4-hydroxy-1,2,5-timethyinipecotic acid (m.p. 151-152*) and 6.1 g of freshly distilled benzoy) chloride was 
heated at 1€9° until evolution of hydrogen chloride ceased (30 minutes). The excess of benzoyl chloride was dis- 
tilled off under reduced pressure, and the residue was dissolved in water, washed with ether, and treated with potas- 
sium caibonate, The base was exi-ected with ether, dried with maznesium sulfate, and vacuum-fractionated, yield - 
ing 0.7 g of the ethyl ester 1,2,5,6 acid (XIX) as slightly yellowish, mobile 
oil, b.p. 109-110°(8 mm); nf§ 1.4765; d?° 0.9940; found MR°S6.02; calculated MR 55.94, 


Found %: N 7.15; 7.16 


C Calculated %: N 7.10 
Found: M 201.4; 202.3 (titration) 
‘ Calculated: M 197.3 


Picrate: noncrystallizing oil. Hydrochloride: colorless clusters, m.p. 127-138* (precipitation from alcohol 
with ether). The fractionation yieldedalso 2 g of the ethyl es.er of 4-benzoyloxy-i,2, 5-trimethylnipecotic’ acid 
(XVII, a -isomes) as a greenish oil, b.p, 167-176°(2 mm); nff 1.5205; a? 1.0875; found MR 87.97; caleulated 
MR 86.78; 

Found %: N 4.78; 4.55 


C N. Calculated %: N 4.39 

Picrate: ellow lates, 184- 185° f bsolut 3 
y m.p. (trom 9.97 

Copa Calc ulated N 10.22 


Hydrochloride: fine colorless leaves, m.p. 185-186* (precipitation from alcohol with ether). 


Ethyl Ester of 4-Hydroxy-1,2,5-trimethylnipecotic Acid (B-isomer). The high-melting 8 -isomer of the ethyl 
ester of 4-hydroxy-2,5-dimethylnipecotic acid (m.p. 158-159°; 4.1 g) was methylated with formaldehyde and formic 
acid as described above, Removal of ether, followed by recrystallization of the residue from gasoline (b.p, 80-90°), 


yielded 3.8 g (88%) of the B-isomer of the ethyl ester of 4-hydroxy-1,2,5-trimethylnipecotic acid (xvi), m -P. 
87-88°, 


Found %: C 61,72; 61.77; H 9.96; 10,05; N 6.53; 6.49 
CyjHgO5N. Calculated %: C 61.36; H 9.83; N 6.51 


Found: M 215.2; 215.4 (titration) 
Calculated: M 2i5 


Picrate: yellow needles, m.p, 168-169° (from absolute alcohol). 


Found %: N 12.46; 12,51 
wy. Calculated %: N 12.61 
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Hydrochloride: colorless leaves, mp. 174- 175° (zeprecipitation from wit ethen). 


tthyl Esier ot 4- Acid (B-isomer). 2 of 3. 7 g of the 

chlonde of the 8-1somer of the ethyl] ester of acid (mp. 174-175") and 

of freshly distilled benzoyl chloride was heated at 160° uniil the evolution of chloride ceased (30 minutes). 
“The excess of benzoyl chloride was distilled off under reduced pressure, and the reside was mixed with water (abou 
15 ml). The crystals that came down were pressed off at the pump and reprecipuzsed from alcoho! w:th ether, 

yue lding 2.5 g of the hydrochloride of the ethy! ester of 4-benzoyloxy-1,2,5-trimecayimupecotic acid (8 -iscmer) in 
the form of leaves of m.p. 213-214". The aqueous solution remaining after remove! of Ge crystals of hydrochloride 
was washed with ether and treated with potassium catbonate. The base was extaccted with ether and, after being 
dned with magnesium sulfate, was vacuum-distilled, yielding 1.9 g of the ethyl eswez of 4-benzoyloxy-1,2,5-ui- 
acid (XVII, 8 -isemer), b.p. 167-169" (2mm); 1.5103; found MR 87.75; calculated 
MR 86.76. Wher the amcunt, of hydrochloride isolated was taken into account, the tocz] yseid of this benzoic ester 
was On standing, the free base qystallized, and from petoleam ether yielded rhombic 
plates, m.p. 59-60°, 


Found %: C 67.71; 67.86; 7.25, N 4.27; 4.38 
Calculated: C 67.68; H 783; N4_39. 


‘The nydrocnloride of this ester melted at 213-214° (precipitated from alcohol #iih ether) and give no depres- 
sion with the above ~described hydrochloride, which | was isolared from the be=zzoyiation products. 


of 1-Acetyl-2' 5- with Ethyl Formate. (b.p. 53-54*) (7.1 
and a solution of ¢ of l-aceryl-2,5- -dimethyl -4-piperidone in 150 ml of absolute Se=zene were added, with cor- 
tinuous stiming and cooling with ice wate:, to-dry sodium ethoxide prepared from 2.2 g of sodium. The mixture was 
set asice for 40 hours in a hermetically ciosed flask, and the precipitate that had formed was then filsered off, 
washed with benzene, and dissolved in presence of small pieces of ice in concenmaces Sxcoochioric acid (20 mD. 

- The solution was saturated with common salt, znd the condensation product was exmacsed with benzene. The ex- 

tact was dried with sodium sulfate, and, after removal of the greater pan of the scivect, the solid present was re- 

Crystalizzed from benzene; 6.5 g (6%) of 3-hydroxymethylene 
(XX), m.p. 123-124", 


Found %: N 17.24; 7.29 
C Calculated N 7,11 


In other condensation experiments, the pro duct was vacuum -distilled, ama tack coloziess oil, b.p. 138- 1307 
1 mm, was obtained, which solidified whencold two crystahb of m.p, 123-124°. The comdecsation product (XX) gave 
an intense red color with ferric chloride. When treated with an alcoholic solutioa of 2.4-dinitrophenylhydrazine 
acidified with hydrochloric acid, the condensation prodyct yieided a pyrazole (XX), m.p, 201-202*, 


Found %: N 19.66; 19.75 
‘Calculated %: N 19,50 


when the formyl derivative XX was in presence of a nickel proportions 
of hydrogen were absorbed. When the condensation was performed at 80° (at the boil == benzene), the yield of 
hydroxymethylene derivative (XX) remained practically unchanged. The order ix’ ineica te piperidone and ethyl 
formate were added to the sodium ethoxide also had no effect on the yield. 


Condensation of 1-Acetyl-2,5-dimethy! -4-piperidone with Diethy] oxalate (b.p. 90-91°/ 
15 mm) (29 g) and a solution of 17g of 1-aceryl-2,5-dimethyl-4-piperidone im 30 mi of aisolute benzene were 
added, with continuous stirring and cooling with ice water, to a suspension of dry sodium: eo xide (obtained from 
4.2 g of sodium) in 100 ml of absolute benzene, The reaction mixture was set aside 21 room temperature over- 
night, and was then acidified, under cooling, with hydrochloric acid. The condessatiog product was extracted with 
benzene, and the white powder that then formed was filtered off, yielding 3.3 g of He tectone XXII, m.p, 210° 
(with frothing). The oil remaining after removal of benzene (this oil gave a red coke with ferric chloride) was 
heated fo: 15 minutes at 150-160°*, after which a further 12.2 g of the lactone XXII wes isolaied in the form of a 
white powder, 211° (with frothing). The total yield of lactone was 15.5 g 


Found %: C 59,24; 59.08; 6.15; N 6.29; 6.24 
Calculated %: C 59,19: N 6.28 


The lactone was found to have very low solubility in the usual organic sotvents and in water. It was readily 
soluble in alkalis, and was reprecipitated by acid. It g2ve a green color with an alcoholic solution of ferric chloride. 


When boiled with alcohol it was converted into the oviginal oily substance, which gave a red color with ferric 
chloride, and was probably 1-acery!-2,5-dimethyl-4-oxo0-3 -piperidyl ethyl oxalate (XXII). When this condensation 
was carried our with an alccholic soludion of sodium ethextés and with sodium in benzene, analogous results were 
obtained, 

SUMMARY 


1, The condensations of 1,2,5-trimethyl-4-piperidone and of 1- ~scetyi-2, 5-dimethyl- with 
diethyl carbonate, with diethyl oxalate, and with ethyl formate have been investigated. 


2. It has been shown that in these condezsations, 1,2,5-trimethyl-4-piperidone is reduced by the sodium or 
sodium ethoxide present to 1,2, 5-trimethy] -4-piperidinol, whereas l-acetyl-2 ,5-dimethy]-4-piperidone gives the 
normal condensation products in 60-70% yield. 
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EXCHANGE OF HYDROGEN ATOMS OF SATURATED CYCLIC HYDRGCARBONS 


WITH SULFURIC ACID. 


V. N. Setkina, D. N. Kursanov, aad A. t. Liberman 


In a previous communication [3] we have descrived the results of an investigation of the exchange reacuvity 
of the hydrogen atoms of saturated aliphatic hydrocarbons when treated with heavy (deuterium-rich) sulfuric acid. . 
By means of acer technique we showed that saturated aliphatic hydrocarbons containing tertiary carbon atoms 
uncerwent hydrogen exchange in presence of heavy sulfuric 2cid. On the other hand, satwéated aliphatic 
in which there were no teniary carbon atoms did not undergo hydrogen exchange with sulfuric acid. 


in the prescat paper #e"describe results of an investigation of the exchange reactivity of hydrogen atoms in - 
saturated cyclic hydrocarbons of various structure when weated with heavy sulfuric acid. The constants of the original 
hydiocarbons are given in Table 1, 


1 |Cyclohexame x 80.4+80.5(760). 21,4263 0.7782 
2 | Methylcyclohexane 100,3-100,4'(755) 1.4230 0.7696 - 
3  |1,1-Dimethylcyclohexane 119.9 (760) 1.4294, | 0.7810 - 
4 1-Ethyl-4-methylcyclohexane (mixture of cis : 

and trans isomers) 149,3-152.2(760) 1.4326 | 0.7851 
5 1,4-Dimethyicyclohexane (trans isomer) 119.5(761) 1.4209 0.7627 
6 Cyclopentane 49.0 (760) 1.4065 0.7452 
1 |Methyleyclopentane 71.8 (760) *1,4098 0.7485 
8 Decahydronaphtha lene (trans isomer) 12.0-72.5 (18) 1.4692 0.8690 
9 Decahydronaphtha lene 30% cis + 70% trans) 59.6 -62.0 (10) 1.4739 


Treatment with heavy sulfuric acid (monohydrate, or acid containing traces of SO,) was carried out at 20-25° 
in sealed tubes, which were placed in a shaker (160-180 shakes per minute)).. After the experiment the hydrocarbons 
were purified as in the case of the acyclic hydrocarbons [1], and were then subjected to combustion over red-hot 
copper oxide. The water obtained was suitably purified, and the amount of deuterium in the hydrocarbon under in- 
vestigation was determined from the density excess of this combustion water, Results fa hydregen exchange in hydro- 


carbons of the cyclohexane series are given in Table 2, and results for cyclopentane hydrocarbons are given in Table 3." 


TABLE 2 


Exchange 
(hk of value 
caled. for ex- 
change of all 


Hydrocarbon 


1 1.4 
2 98 
3 97 
4 Methylcyclohexane 99 
5 1,4-Dimethylcyclohexane (trans) 99 
6 1-Ethyl-4-methylcyclohexane (mixture of 

cis and trans) 83 
7 1-Ethyl-4-methylcyclohex? (mixture of 

cis and trans) ; 96 
8 1,1-Dimethylcyclohexane 1.8 
7 In the calculations, the distribution coefficient is taker. to be unity. 
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Expt. Hydrocarbon in (p in mm Hg) 2 
4 
q 
a Expt.) Amount Duwra- jExcess density of com- 
No. (moles) tion of | bustion water (y) 
of reaction calculated 
a Qu) fori 
4 
j 
1 ong 
: 
— 
= 


Amount Exchange 
Hydrocarbon (moles) - tion of i F (% of value 


| C yc lopentane 


Cc yclpentane 

C yclopentane 
Metiyle yc lopentane 
_ | Methylc yc lopentane 
Methylcyc lopentane 
Methyic yc lopentane 
; Methylcyc lopenrane 
sethyleyc lopentane 
| Methylc yc lopertane 
Merhyk yc lopentane 
! Methylicyc lopentane 


9H . 


The results given in Tables 2 and 3 show that the presence in a cycloalkane ring of tertiary carbon atoms greatly | 
influences the reactivity of the whole molecule. Thus, in a cyclohexane ring containing a tertiary carbon alom all 
the hydogen atoms become reactive and exchange equilibrium is established at room temperature in several hours 
(Expt, No. 2, 3, 4, and 5, Table 2), whereas cyclohexane and 1,1-dimethylcyclohexane do not undergo ——— ex<. 7 
change (Expt. No. ‘land 8, Table 2). - 


The c yclopentane hydrocarbons present a similar picture: methylcyclopeatane undergoes hydrogen 
equlbrum being established in 14- 15 hours (Expt. No, 11 and 12, Table 3), whereas cyclopentane — no appreciable 
ienden y to‘enter into this reaction (Expt. No. 1, 2, and 3, Table 3). 


Invesiigation of the tendency. of trans-decahydronaphthalene (D 


and a mixture of cis- and uans-decahydronarphthalene to undergo hydrogen exchange led us, however, to unexpected 
results. On the basis of the results cite j above (Tables 2 and 3) it might be expected that the presence in the deca- 
hydronaphthalene moiecule of two tertiary carbon atoms would make this compound prone to hydrogen exchange in 
presence of sulfuric acid. ]t was found, however, that neither of the isomers of decahydronaphthalene underwent 
hydrogen exchange, even afte: long contact with sulfuric acid (Table 4). It will be noted that the tertiary carbons 
of decahydronaphthalene, unlike those in the previously studied compounds, are concerned in bridge formation. The 
question of exchange reactivity at such carbons is in need of further investigation, 


Our invest ‘igation has, therefore, shown that the rule determining the tendency for saturated hydrocarbons te 
undergo hydrogen exchange is general beth for aliphatic and cyclic hydrocarbons; as indicated, the only exception 


is dec ahydronaphthalene. 
TABLE 4 
Amount ;Dura- Excess density of com- | Exchange 
(moles) tion of bustion water (y) (%- of value 
of acid h.c./reaction found | calcd. forex- _ 
fer 1H forall] change of all 

‘ Decahydronaphth> iene (Tans) 

| lene (trans) 

Decahydrona phthalene (30% cis + 70% trans) 


4 
3 
4 TABLE 3 | 
Expt. 
= No. 
i 0.059 } 0.054) 1 2980 | 1.9... 
3 0,042 | 0.022} 3 | 4193 | 98 
0.045 |0.028; 50 | - 3719 | 94 
0.021 {0.035} 1 188 378 | 202; 
0.060 }0,03c} 1 {1216 | 4014 53 
= |o.ose 940 | 2399 66 
0.047 | 0.027] 3 | 984 | 3362 |2526 15 
0.041 | 0.027] 4 | 970 | 3117 |2590 83 
‘a 0.060 | 0.033] 5 | 972 | 3386 | 2926 90 
4 0,048 0.018] 10 |1071 | 4507 94 
0.063 0,020} 15 |1104 | 5276 |5068]- 96 
0.062 | 0.024] 14 |1119 | 4848 |4807 99 
3 CH, H CH; 
. 
90 


We have previously suggested that hydrogen exchange with saturated hydrocarbons in presence of sulfuric acid 
proceeds by a chain mechanism [2] For the further develepment of this idea it was af interest to study the exchange 
react‘vity of mixcures of hydmcarbuns having tertiary carbo.s with hydrocarvons that do.not contain a tertiary car- 
bon. If ina hydrogen- exchange reaction initiated by a hydrocarbon havin, a tertiary carbon atom the chain can be 
propagated via primary and secondary carbon atoms, then the hydrocarbon that does not contain a tertiary carbon will 
evidently be drawn into the reaction. 


In actual faer it was found that whereas the hydrocarbon having a tertiary carbon underwent almost complete 
hydgogen exchange, the added hydrocarbon that had no tertiary carbon did not enter the exchange reaction. Thus it 
was feund that, when a mixture of n-heptane and methylcyclohexane was treated with heavy suifuric acid, only the 
methylcyclohexane underwent hydrogen exchange, the n-heptzne being unaffected. These results indicate that the 
chain is propagated only via ternary carbon atoms, . 


EXPERIMENTAL” 


1, Cyclohexame and Heavy Sulfuric Acid. Cyelohexane was prepared by the 
of repeatedly frozen eommercial benzene im an autoclave in presence of a nickel catalyst. The cyclohexane was ~ 
distilled through a 40-plate column, and was then ern by passage through s column of silica gel. The Constants 
of the cyclohexane were: b.p. 80.4-80 .5° (750 min); d2* 0.7782; and af 1.4263, 


A mixture of 2.73 g (0.033 mole) of cyclohexane and4 & g(0.050 mole) of heavy sulfuric acid” (density ex- 
cess 96980 y) was agitated in 2 sealed tube for three hours, After the experiment, the hydrocarbon was washed with 
30% caustic potash and with water; it was then dried with potassium carbonate and distilled over sodium. After the 
experiment the constants of the hydrocarbon were: b.p, 86.2-80.5° (756 mm); nd 1.4262; a? 0.7788, The water 
obtained from the combustion of the cyclohexane had a density excess of 272y; if all of the twelve hydrogen atoms 
had undergone exchange with deuterium, the density excess would have been 19,350 y. The results show that 
practically no hydrogen exchange occ urred between cyclohexane and heavy sulfuric acid, 


2. -Methylcyclohexane and Heavy Sulfuric Acid. Methy!cyclohexane was prepared by the hydrogenation of 
toluene, which was first purified by conversion inio p-toluenesulfonic acid, recovery by hydrolysis, and distillation 
through a 30-plate column, The hydrogenation was performed in an autoclave in presence of a nicke! catalyst. The 
methylcyclohexane was purified by passage through a silica-ge] column, and was then distilled through a 30-plate 
column, The constants of the methylcyclohexane were: b.p. 100.3-100.4°, (760 mm); ay 0.7696; ob 1.4230. 


A. A mixture of 2.65 g (0.027 mole) of methylcyclohexane and 5.36 g (0.054 mole) of heavy sulfuric acid 
(96,980 y) was agitated in a sealed tube for three hours. After the experiment, the hydrocarbon was treated as in 
Expt. 1, and the final constants of the hydrocarbon were: b.p. 99.5-100°(748 mm); d%* 0.7914; nf} 1.4220. The 
value found for the density excess of the combustinn water from the methylcyclohexane was 20,915 y; value calcu- 
lated for exchange ci all hydrogens with deuterium: 21.418 y- 


B. A mixture of 2.87 g (0.029 mole) of methylcycliehexane and 5,76 g (0.058 mole) of heavy sulfuric acid 
(96, 980 y) was agitated for 10 hows 30 minutes. After the experiment the constants of the hydrocarben were: 
b.p. 99-99.5* at 736 mm; d% 0.7914; nf} 1.4220. The value faund for the density excess of the combustion water _ 
from the methylcyclohexane was 20,650 y; value calculated for exchange of all hydrogens: 21,290 y. 


G A mixture of 2.12 g (0.022 mole) of methylcyclohexane and 5.27 g (0.053 mole) of heavy sulfuric acid 
(96, 980 - y) was agitated for 26 hours. After the experiment the constants of the hydrocarbon were: b.p. 98.5-99.5° 
at 748 mm; d?@ 0.7971; ufy? 1.4220, The value found for the density excess of the combustion water from the methyl- 
cyclohexane was 24,890 y; value calculated for exchange of all hydrogens: 25,060 y. 


The resulis of Experiments A, B, and C indicate thar ali the hydrogen atoms enter into the exchange reaction 
and that exchange equilibrium is “established already in three hours, 


3. uans-1,4-Dimethylcyclohexane and Heavy Sulfuric Acid. trans-1,4-Dimethylcyclohexane was prepared 
by the hydrogenation of p-xylene. obtained by the careful purification of the commercial product by repeated freez- 
ing. The hydrogenation was performed in presence of platinized charcoal, The 1,4-dimethylcyciohexane was puri- 
fied by passage through a silica-gel column and distillation through a 75-80-plate column. The fraction taken for 


investigation had b.p, 119,5°(761 mm); az 0.7627; np 1.4209, which correspond to the constants of trans-1,4-di- 
methylcyclohexane, 


* A. N. Martynova took part in the experimental work. 
*e The preparation of the heavy sulfuric acid is described in the previous communication. 
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A mixture of 2,24 g (0.020 mole) of trans-1,4-dimethylcyclohexane and 8,98 g (0.040 mole) of heavy sulfuric 
acid (15,990 y) was agitated in a sealed tube for 12 hours. After the experiment the hydrocarbon was purified in the 
mail wav, and had 420.7686, nf? 1.4220; The value found for the censity excess of the combusionwater from the 
-rans-1,4-dimethyleyc lohexane was 3214 y.° The results show that all of the hyd:ogen aioms af 1,4-dimethyk yclo- 
hexane took part in the exchame reaction, but it appears that, under the conditions of the experiment, the hydro- 
carbon underwent isomerization (evidenced by the change in the constants of the hydrocarbon). 


4. 1-Ethyl-4-methylcyclohexane and Heavy Suifuric Acid. 1-Ethyl-4-methylcyclohexane was prepared as 
follows: p-tlu:dine, purified by two recrystallizations from isooctane, was converted by the Sandmeye! reacuon 
itto p-bomotoluene, which was then converted into 1-ethyl-4-methylbenzene by the Wurtz reaction; this was then 
hydrogenated in presence of platinized charcoal at 175°, The hydrogenated product was pwified by passage through 
a salu a-gel column and disullauion through a 75-80-plate column. The fraction taken for invesigation (intermed *te 
berween the cis and trans isomers) boiled over the range 149.3-152.2* (760 mm); d2” 0.7851; nf} 1.4326. 


A. A mixture of 2.36 g (0.019 mole) of 1-ethyl-4-methylcyclohexane and 5.85 g (0. 058 mole) of heavy sul- 
furic acid (94,000 y) was agitated for 11 hours. After the experiment the hydrocarbon was purified in the usual way, 
and its constanis were d2*} 0.8064; nff+ 1.4302. The va‘ue found-for the density excess of the combustion water was 
20,100 7, and the value calculated for exchange ef all seventeen hydrogens was 24,232 ws .* 


5. A mixture of 1.50 p, (0.012 mole) of 1-ethyl-4-methylcyc lohexane and 5.36 g (0.054 mole) of heavy sul- 
fare acid (16,000 y) was agitated for 25 hours, After the experiment the constants of the hydrocarbon were a? 0.7884; 
n& * 1.4312. The value found for the density excess of the combustion water was 5176 y, and the value calculated 
for exchange of all seventeen hydrogens was 5390 y. 


From these results it will be seen that exchange equilibrium between 1-ethyl-4-methylcyc !chexane and heavy 
sulfur acid is established more slowly than for methylcyclohexane and heavy sulfuric acid and that, under these 
conditions, exchange is apparently accompanied by partial isomerization of the hydrocarbon. 


5. 1,1-Dimethyle yclohexane dnd Heavy Sulfuric Acid. 1,1-Dimethylcyclohexane was prepared by the hydro- 
genaiion of dim don [3]. - The hydrocarbon was purified by distillation through a 49-plate column, and its constants 
were: b.p, 119.9°( 760 mm); 0.7810; nB 1.4294, A mixture of 1.74 g (0.016 mole) of 1,1-dimethylcyclohexane 
and 5.95 g (0.651 mole) of heavy sulfuric acid was agitated for four hours. After the experiment the purified hydro- 
carbon nad the following constants: dj? 0.7819; nf? 1.4293. The value found for the density excess of the combus- 
taon water was 9, amd the value calculated for exchange of all 16 hydrogen atoms was 5000 y. These results indi- 
cate that 1,1-dimethylcyclohexane does not undergo hydrogen exchange with heavy sulfuric acid. 


6. Cyclopentane and Heavv Sulfuric Acid. Cyclopentane was prepared by the method developed by Kazansky, 


Terentyeva, a Bulanova [4] It was distilled through a 40-plate column, and its constants were: b.p. 49.0°(760 mm); 
0.7452; nB 1.4065. 


A. A mixture of 3,80 g (0,054 mole) of cyclopentane and 5.80 g (0.059 mole) of heavy sulfuric acid (17,000 y) 
was agtated for one hour. After the oaenen the hydrocarbon was purified in the usual way and had the following 
constants: b.p, 48.5-49,0°( 750 mm); a 0.7456; ny 1.4062, The value found for the density excess of the combus- 
tion water from the cyclopentane was 56 y. and the value calculated for exchange of all ten hydrogen atoms was 
2980 y. 

B. A mixture of 1.56 g (0.022 mole) of cyclopentane and 4.24 g (0.042 mole) of heavy sulfuric acid (15,300 y) 
was ag:tated for three hour, The value found for the density excess of the combustion water was 98 y, and the value 
cak ulated tor exchange of all hydrogen atoms was 4193 y. 


C. A mixture of 1,95 g (0,028 mole) of cyclopentane and 4.38 g (0.045 mole) of heavy sulfuric —_ was 
—— fo: 50 hours. After the experiment the constants of the hydrocarbon were: 48,5-49° (751 mm); nb 1,4062; 


? 0.7451. The value found for the densiry excess of the combustion water was 94 y» and the value calculated for 
of all hydrogen atoms was 3719 


The results of Experiments A, B, and C indicate that, even when contact with heavy sulfuric acid is prolonged 
cv lopentane undergoes practically no hydrogen exchange, 


7. Methyleyclopentane and Heavy Sulfuric Acid. Methylcyclopentane war prepared by isomerization of 
cyclohexene in presence of aluminum oxide into methylcyclopentenes {5}, which were then distilled though a 
25-plate column and hydrogenated at room temperature in presence of a platinum catalyst. The hydogenation 
product was purified ot distillation through a 50-plate column, The constanis of the methylcyclopentane were; 
b.p. 72.8° (766 mm); n D 1.4098; a” 0.7485. Samples of methylclopentane were shaken with heavy sulfuric acid of 


* The value calculated for exchange of all hydrogens was 3228 y. 
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various deuterium contents for various times. After the experiments the hydrocarbon was purified m the usual way 
and was subjected to combustion over copper oxide. The course of the hydrogen-exchange reaction was character - 
ized by the value of the density excess of the combustion water, The results of the experiment: are given in Table 
5; they show that exchange equilibrium between methyle velo pentane and heavy sulfuric acid is established in 14-15 


hous, 

TABLE 5 

Expt./Amt, (moles) of sub- Equiv. den- Duration Constants of hydrocarbon Density excess of combus~ se z 

No, |stance taken for reaction | sity excess ‘lof reac- > ate tion water of hydrocarbon (% of valve 

methylcyclo- | heavy sul-| of acid tion (hr) caicd, for 
pentane acid (y) 'excha.-te of 
| | ‘all hydrogen) 

1 0.035 | 0.021 4136 1 - - 202 | 5 

2 0.033 0.060 17000 1 - - 2118 53 

3 0.046 0.046 — }17000 2.5 - - 1578 | 66 

4 0,027 0.047 {15300 1.4100 0.7507 2526 

5 0.027 0.041 15500 - - 2590 83 

6 0.033 . 0.060 - all - 2926 90 

1 0.018 0,048 15300 - 10 1.4097, 0.7539 4214. 

8 0.020 0,063 15300 15. 1.4095 | 0.7536 5068 96 

9 0,024 0,062 16000 ; 14 - - 4807 99 


8. Decahydronaphthalene and Heavy Sulfuric Acid. A. trans -Decahydronaphtha lene, having the constants 
b.p. 72,0-72,5° at 18 mm; a 0.8690; 1.4692, was Prepared by isomerization of commercial decahydrona phtha - 
lene in presence of aluminum chloride [6] The isomerizate was distilled through a 35-plate column. A mixture’ bg 
of 3,80 g (0,028 mole) of tans-de-ahydronaphthalene and 8.44 g (0.086 mole) of heavy sulfuric acid (17,000 y) 
= agitated for four hours, After the experiment the constants of the hydrocarbon were: b.p. 184-184.5°(737 mm); 
1.4689. The value found for the density excess of the combustion water was 80 y, and the value calculated for 
kines of all hydrogen atoms was 4371 y. 


B. A mixture of 2.85 g (0,020 mole) of senp-Gusntytnasienebten and 5.23 P (0,053 mele) of heavy sulfuric . 
acid (17, 000 y) was agitated for 32 hours. After the experiment the constants of the hydrocarbon were: b.p, 55.7- 
56.2° (8 mm); 7 a2? 0.8696; nf}? 1.4689. The value found for the density excess of the combustion water was 91 Vy. 
and the value calcuiated nin exchange of all hydrogen atoms was 3772 y. 


It may be concluded on the basis of the results of Experiments 4 and B that trans-decahydsona phtha lene does 
not undergo hydrogen exchange with heavy sulfwic acid to any appreciable extent, 


C. A mixture of 3,38 g (0.025 mole) of decahydronaphthalene containing 30% of the cis and 70% of the trans 
isomer * (b.p. 59.6-62,0° at 10 mm; nf} 1.4739) and 4.91 g (0,049 mole) of heavy sulfuric. acid (4136 y ) was agitated 
for 11 hours 30 minutes. The value found for the density excess of the combustion water from the ete anacenuel 
lene was 18 y, and the value calculated for exchange of all hydrogen atoms was 683 Y- 


These results indicate that neither decahydronaphthalene isomer takes part in a hydrogen-exchange reaction. 


9. Treatment of a Mixture of Methylcyclohe xane and n-Heptane with Heavy Sulfuric Acid. A. A mixture 
of 0.95 g of methylcyciohexane, 0.82 g of n-heptane, and 5.75-g of heavy sulfuric acid (16,000 y) was agitated in 
a sealed tube for 11 hours. The value found for the densiry excess of the combustion water ebtained from the mix- 
ture of hydrocarbons was 3674 7, and the values calculated were 4766 y for exchange with both hydrocarbons, and 
3698 y for exchange only with methylcyclohexane, 


B. A mixture of 0.88 g of methylcyclohexane, 0.76 g of n-heptane, and 4.26 g of heavy sulfuric acid (15,000 y). 
was agitated for 50 hours, The value found for the density excess of the combustion water was 3828 y. and the values 


calculated were 3317 y for hydrogen exchange with methylcyc lohexane and €450 y for exchange with both hydro- 
carbons. 


These results show that only the methylcyclohexane takes part in the exchange reaction. 


fe * The con. position of the mixture was determined from the refractive index [7] 
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We express our deep gratitude for samples of pure hydrocarbons from A. F. Plate (methylcyc lopentane and trans- 
dec ahydronaphthalene), O. D. $terligov (cyclohexane, methylcyclohexane, mixture of dec2hydronaphthalene isomers), 


UMMA RY 


1. A study has been made of the hyd:ogen-exchange reaction occurring when heavy sulfuric acid reacts with 
satwated cyclic hydrocarbons (cyclohexane, methylcyclohexane, 1,1-dimethylcyclohexane, 1,4-dimethylcyclohexane, 
l-ethyi-4-meth vic yc lonexane, cyclopentane, methylcyclopentane, and cis- and trans -decahyarona phihalenes), 


2. has been established rhat monocyclic hydrocarbons conzaining tertiary Carbon -atoms (methylcyclobexene, 
1,4-d:methylr ve lonexane, l-erhyl-4- methylc yclohexane, and methyleyclopentane) undergo 
um besag established in a few hours 2i room temperature, 


3. It has been found that no hydrogen exchange is to be observed berween heavy sulfuric acid and cis- and 
trans-decahydrona phthalenes. 


4., it has been established that, when a mixtwe of a hydrocarbon containing a tertiary carbon atom with a 
hydroc arbon that does not contain a tertiary carbon atom is uweated with heavy sulfuric acid, only the hydrocarbon 
containing the tertiary carbon atom takes part in hydrogen exchange. 


Received ‘anuary 8, 1953 . at Institute of Organic Chemistry of the 
USSR Academy of Sciences 
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ABSORPTION SPECTRA AND MOLECULAR STRUCTURE 


"ANALOGOUS BEHAVIOR OF AZO AND DAINO GROUPS_ 


A. A. Kharkharsoy 


- 


It is well known that the replacement in the bemzene molecele cf -CH =CH- by NH-,-O-, -S— 
gives hetereocyclic compounds that retain properties of aromatic compounds. The present view on the aromatic 
character of these substances is based on the idea that four electrons from the double bonds and two eiecucns of the 
hetero atom form a system that is particularly stable [1,4] There is wide acceptance also for rhe concept of the 
conjugation of the‘f:ee electron pairs of the hetero atoms of termins|.nucleophilic subsifivents ( — NRp -O8 — Hal 


etc.) with the -elecirons of aromatic, heterocyclic, and compounds, as, for example, iz: 2-ami- 
nopyridine, and acetamide [2, 3, 4] 


Recently the concept introduced by Nesmeyanov of the cas iaeenthees of sizcle bonds has received general ac- 


ceptance [4] We have observed [5] a peculiar case mah conjugation in the —n of some heterocyclic akée- 
hydes, for example of the type: 


. 
where R= —H; X=—NOy —COOH: + —H; —CHy:—OCH;; — OH: 
H 


—H; —CHy; ~OCH;; NH —NH- er. 


The peculiarity of systems of this kind is that the acridine nucleus is conjugated with the substituent X via ; 
the x -electrons of the i = N-— group and the benzene ring, which are separared from.one another by a group 


{ — NH —) that is bound to neig iboring atoms by means of two single bonds. The interaction of the x -electrons is 
here effected with the participiist:on of the free electron pair of the hetero atom. 


The presence of such conjuation in the molecule is indicated, above all, by the color of these compounds. 
Even the bases of such compounds have intense yellow, orange, or brown colors: and they have characteristic absorp- 
tion spectra. The position of the maximum of the main absorption band of arylhydrazories of 9-acridinecarboxalde- 
hyde depends on the structure of the substituent (Fig. 1). The hetero atom of the acridine ring system, owing to its 
electrophilic character, causes a redistribution of electron densiry in the conjugateé chain, In particular, the direc- 


tion of this redistribution may be shown for the p- (p-anisidinophenyl)hyd-azone of S-acridinecarboxaldehyde (see 
following page): 
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The effect of the substituent, as will be seen from the curves given in Fig. 1, is however insufficiently clear- 
ly expressed in this case. The bathochromic effect of substituents has a particularly strong influence on the color 
of salts of these bases. For example, salt formation in the case of the compound cited above {ID is accompanied by 
displacement of the absorption maximum from 425 to 715 my (Il and VI0,cf. Fig. 1 and 3), and in the case of the 
p-nutrophenylhydrazone of 9-acridinecarboxaldehyde (I) — from 444 to 522 my (1 and VI, Fig. 1 and 3). 
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Fig. 1. Absorption spectra in alcoholic . 


solution: p-nitrophenylhydra- 

zone of 9-acridinecarboxaldehyde (1); 
— p-(p-anisidinophenyl)hydrazone of 

$-acridinecarboxa Idehyde (II). 


and their salts, correspondingly: 


The monoacid salts of compounds of this rype behave as typical ~ 
dyes: they are not only intensely colored, but also have the ability to 
dye textile fibers. These properties can only be possessed by such com- 
pounds when the substitutent X is conjugated wich the acridine ring sys- 
tem. It might be thought that substancés of this kind have nct the hydra- 7m 
zone, but the azo structure: 


In the first case te nucelophilic group would be conjugated with the long electrophilic chain of alternating 
doubie end single bonds, and in the second case we should have a nonconjugated system, in which the electrophilic 
group would be isolated from the nucleophilic methylene group. The investigations of Izmailsky and coworkers have 
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shown that some noaconjugated syscems of the diphenylmethane type containing electrophilic and nucleophilic sub- 
stituents .a different rings are colored, in spite of the absence of conjugation. However, unlike the compounds cited 
below, substances of this sert carnot have a very deep color. The color of compounds haviag nonconjugated systems 


. ds not generally deeper than red, and it never attains blue or green. 


The bases of the substances that we are deicribing are also highly colored, but among their salts with acids and 


_ bases there are some compounds having absorption maxima almost at the infrared limit of the spectrum (see, for €x- 
" ample, Fig. 3; for the substance (VIII). Amax = 715). The nature of the effect of substilvents does 2 not depend on the 


hydrogen ion concentration. 


It is doubtful whether molecular complexes can be stable both in acid and in alkaline media. The main ies- 
ture, however, distinguishing the nonconjugated systems studied by Izmailsky [6-16] and molecular complexes [16- 
18} from our compounds is that the former are not dyes having affinity for protein and cellulos fibers, It should be 
noted that, in accord. with the ideas developed in this paper, dyes cf the Variamine Blue type must be assigned not to 
the nonconjugated group, but to the group of sysiems in which conjugation occurs through — NH-. 


In erder to exclude the possibility of the azo suucture, we prepared the ethylphenylbydrazone of 9- acridinecar- 


boxaldehyde, which is of isomerization, by the reaction: 


a 
+h,N—N— 
5°? 


Comparison of the absorption curves of the ethylphenylhydrazone and phenylhydrazone of 9-acridinecarbox- 
aldehyde (Fig. 2) showed that-these substances have completely analogous swuctures, The eabmediats that we have 
studied, therefore, have the hydrazone, and net the azo, structure. 


210 300 405 500 600 700 


= 300 400 500 660 Joo 800 300 
Fig. 2. Absorption spectra of hydrochlorides in alco- Fig. 3. Absorption spectra of sclutions of hydrochlorides 
holic solution: — phenylhydrazone of 9-acridine- in alcoholic HCl: — phenylhydrazone of 9-acridinecar- 
carboxaldehyde (III); ----- ethylpheny ihydrazone of boxaldehyde (Ill); — — + - — p-methoxyphenylhydrazone 


9-actidinecarboxaldehyde (TV). of 9-acridinecarboxaldehyde (V); . . . . p-nitrophenylhydra- 


zone of 9-acridinecarboxaldehyde (hydrochloride of 1), 
(VI): — — — p-pheny) azophenylhydrazone of 9-acri+ 
dinecarboxaldehyde (VI); P-(p-anisidinophenyl)hy- 


drazone of of Il) (VIL 
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The great deepening of coloz on passing from the bases of arylhydrazones of 9-acridinecarboxaldehyd > to their 
salts is to be explained as follows: the addition of a prown to me free elecuon pair of the acridine ange intensi- 
fies its electrophilic rover es and tnerefore its influence on the substituent x. 


AS we have ‘already indicated, the nature of the substituent X in the aromatic nucleus attached bien = NH-— 
has a very great influence on the color of the compound (Fig. 3). Thus,.when X =H (IID, Amay Of the main absozp- 
uon band is S62 my; when X = NO, (VI), the absorption maximum is displaced towards the shorter waves (Amay = 522 
my), and when X = OCH, (V) 1t is displaced towards the longer waves (Amax = 610 mj). 


A particularly powerful bathochromic effect 1s shown by the. substituent X= — NH —CgHg (X)((Amax = 875 
my, see Fig. 4), It displaces the absorption band much more into the long -wave sh of the spectuum than the sub- 
satuent = (VII) (Amax = 579 my, see Fig. 4). 


The color of these compounds (VII and X) is associated, above. all, with the presence in their molecules of 
long conjugated chains, Of the compounds that we have prepared, the deepest color is possessed by the p-(p-anisi- 
dinophenyl)hydrazone of 9-acridinecarboxaldehyde (VIIL Ams = 715 my; see Fig. 4) in which the OCH, group is 


conjugated with the acridine nitrogen through ihe longest chain, which contains two — NH — groups. The maximum 
of the main absorption band of this compound is shifted much more towards the longer waves than that of the p-(p- 
methoxyphenylezo)phenylhydrazone of 9-acridinecarboxaldehyde (Lx, Amax = 590 mp see Fig. 4), in which the aze 
group participates in the conjugation. 3 
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Fig. 4. Absorption spectra of solutions of hydrochlorides 


in alcoholic HCl: -~- 


zone of 9-acridineczrboxaldehyde (VII); . 
sicinophenyl)hydrazone of §$-acridinecarboxaldehyde 
(VIII); — p- (p-methoxyphenylazo)phenylhydrazone of 
9-aciidinecarboxa kehyde (1X); ---- p-ar.ilinophenyl- 
hydrazone of 9-acridinecarboxaldehyde (xX). 


— p-phenyl-zophenylhydra- 
P-(p-ani- 
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Fig. 5. Absorption srectra of solutions of the hydro- 


chlorides of the compound (XI) and of Safranine T 
(XII) in gleoholie 
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In both cases the introduction of an OCH group 
has ‘a bathochromic effect. This indicates that in the 
systems under examination replacement of an azo 


group by an imino group not only does not interrupt 


the conjugation of the chain, but even intensifies it. A still more convincing proof that the replacement of an azo 
or other double-bonded, grouping by the imino group does not interrupt the conjugation is provided by the substantive 


properties of some members of this class of dyes. 


A dye that we have prepared (XI, Ammax = 570 mp; see Fig. 5)*: 


“THN ON 
CH 


(x0) 


NH —N CH — 


not only has a deeper color then S:franine T (XII, Amay = 535 my), but differs from it also in being able to dye. 
cellulose fibers (cotton, viscose and cuprammonium rayons) directiy from aqueous soluiion withcut the use of a 


mordant, As Porai-Koshits, Bogoslovsky, and others (19-22) have shown, this property is generally possessed by only 


* The author's formula is cormectly transcribed, here, although the fact that the dye is compared with Safranine T 
Suggests that the phenyl group should be attached to the other N of the phenazine ring system. — Publisher. 
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these dyes that contain a long chain of alternating single and double bonds, If the. -NH— gtoup interrupted the 
conjugated chain, ther the compound (XI) could not have affinity for celulose fibers. 


The information on the absorption spectra of aryibydrazones of 9-acridinecarboxaldehydes is published for the 
first time. The dye Safranine, taken for comparison and measured undex Like conditions, forms an exception. The 
spec tnphoiometric measurements were carried out in an SF-1 phowoclectric apparatus. The solvents used were a 0.2 N 
solution of HC] in ethanol and pure (96%) ethanol, : 


SUMMARY 


1. The experimental data presented in this paper show that ine replacement of — N = N-, and therefore 
other analoyous groups, by — NH — in certain conjugated systems does not interrupi the conjugation. 


2. Inthe case of arylhydrazones of 9-acridinecarboxaldehyde this replacement is accompanied by a con- 
siderable shift of the maximum of the main absorption band towards the longer waves. 


Received December 28, 1952, S. M. Kirov Leningrad: Textile Institute 
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ISOMERIZATION REACTIONS OF OLEFINIC HYDROCARBONS 
IN PRESENCE OF ALUMINOSILICATES 
COMMUNICATION 2 


A. A. Petrov 


Ic the preceding communication we examined isomerization reactions of olefinic hydrocarbons, mainly of 
normal, or only slightly branched, structure [1] It was shown that, in presence of an aluminosilicate catalyst, ole- 
fins of normal structure are readily isomerized to monoalkylaikenes, and in these migration of methy) side groups 
may occur in the main carbon chain. In order to explain the processes that occur, we made use of M. D. Lvov's 
hypothesis, according to which intermediate formation of alkylcyclopropenes occurs, 


In the present paper we describe the continuation of this investigation, in which we have studied the isomeriza- 
tion of several new types of unsaturated hydrocarbons. We have examined, in. particular, the following questions: Z) 
the possibility of che catalytic synthesis of dialkylalkenesfrom monoalkylalkenes, the examples taken being branched 
olefins in which the side methy] group is well removed from the double bond; 2) the stability of a quaternary carbon 
atom 1 olefinic hydrocarbons; 3) isomerization of cyclic olefinic hydrocarbons associated with a change in the num- 
ber of carbon atoms in the ring; 4) dispropoitienation of carbon atoms of side chains of cyclic olefinic tiydrocarbons; 
5) confirmation of our previously proposed scheme of isomeric changes in olefins in presence of aluminosilicates, 


and its elaborztion in greater détail by the application of new experimental data. The principal results of our inves- 
tigation are given in Tables 1 and 2, 


The conditions employed were ihe same as in the caine published work. Whatever hydrocarbon was taken, 
the products of the catalytic changes were found to consist not only of unsaturated hydrocarbons, but also of.saturated 
- hydrocarbons formed by the saturation of olefins in the course of a hydrogen-redistribution reaction. In this investiga - 
7 ticn our main attention was directed to the structure of the saturated hydrocarbons obtained, but in certain cases'we 
have separated the saturated and unsaturated parts of the catalyzate and studied them separately. The separation of — 
aa the unsaturated hydrocarbons was effected by hydrogen bromide addition followed by conversion of the products via 
& Ormanomagnesium compounds to saturated hydrocarbons, and for this reason the hydrocarbons corresponding in struc- 
ture to the unsaturated hydrocarbons of the catalyzate are given in the column headed “unsatwated part" in Tabie 1. 


i The results on the isomerization of cyclic olefinic hydrocarbons are given in Table 2. Since the saturation of 
— 


cyclic olefins by the hydrogen-redistribution reaction proceeds considerably more readily than the saturation of 
aliphatic olefins, the experimental conditions were somewhat modified for the work on cyclic compounds, Also, 
only the saturated products,. which in these cases formed the main bulk of the catalyzate, were investigated. 


We shall now consider the results obtained. The first group of hydrocarbons investigated consisted of olefins in 
which there was an alkyl side group in a position remote from the double bond. In investigating the isomerization 
ef hydrocarbons of this type, we wished to determine whether it was possible under the selected conditions for a second 
alkyl group to be formed at the-double bond, or whether the double bond would Migrate along the carbon chain un- 


til an olefin was formed having a tertiary double bond. In other.words, according to which of the schemes below 
would hydrocarbons of this structural type react: 


c Cc Cc cc 
_ As the experimental results show, the formation of a new alkyl group proceeds more rapidly than double-bond mi- 


gtation, 2nd the isomerization products contain dialkylalkenes. 


| It is true that to some extent the double bond of the original hydrocarbon is apparently able to migrate towards 
the alkyl side group, and may even reach it. This process is indicated by the occurrence of 2-methylalkanes (2-methyl- 
_: pentane, 2-methylhexane, etc.) among the products obtained from hydrocarbons of this type. In general, these 
4 j 2-methylalkanes can be regarded as saturated forms of the original hydrocarbons, withour postulation of the occurr- 
| ence of any isomeric change, but the frequently observed selective saturation of olefins having tertiary double bonds 


101 


A 
| 
¢ 
og 
~ 
“ 
“a 
. 


lseomerization Predacts cf Olefins. 
Experimental ¢ onditions: 250", space velociry a2 liter/ liter - he; duration of experiment 100 5 minutes 


No. Original hydrocarbon Composition of catalyzate 
Saturated part “unsaturated: “part® (after 
| conversion into saturated: 
hydrocarbons) 
i 4-Methyl-1 -pentene 2-Methylpentane, - 
5-Methyl-1-hexene 2-Methylhexane, 2,4-dimethy pentane: Composition same as saturated 
in smaller amount 2,3-dimethyl- part 
| ‘pentane ‘ 
3 6-Methyl-l-heprene 2-Methylheptane, 2,5-dimethylhexane; Composition same as saturated 
‘ in smaller amounts 2,4- and 2,3- part 
dimethy lhe xanes 
4 1 -Heptene 2-Methylhexane, 3-methylhexane; a 2-Methylhtxane, 3-methyl- 
litle 2,4-dimethylpentane - hexane - 
4,4-Dimethyl-1-pemtene 2,3-Dimethylpentane, 2-methylhexane - 


2,2,3-Trimethylbutane, a little 2,4-di- Various amounts of 2,2,3-tri- 
methy!pentane * | methylbutane and 2,4-di- 
methylpentane 


2,3, 3-Trimethyl-1-butene 


1,5-Hexadiene 2-Methylpemane, a little 2,3-dimetpyl- 


_2-Methylhexane, 3-methylhexane, a 
Lrtle 2,4-dimethyipenrane 
2 


3-Ethy]-2-peniene 


2-Methylhexane, 3-methylhexane, 2,4- 
dimethylpe mane 


2-Methyl-2-hexene 


: NOTE: In the catalyzates from hydrocarbons No. 2 and 5 the presence of a certain amount of 3-methylalkanes was 


TABLE 2 


isomerization Products of Cyclic Olefins 
Experimental conditions: space velocity 0.6 liter/liter - hr; cuntien of experiment 100 minures 


Composition of catalyzate 
in experiments at 250° in experiments at 400° 


S-membered cycloalkanes 4%, methyl- 
cyclohexane 


Original hydrocarbon 


Methylcyciohexane tola- 
ene 8%, 5-membered cyclo- 

alkanes 65 (mainly 1,3-di- 

methylcyclopentane) 


5-membered cycloalkanes 42, 
aromatics 2 (xylenes), 6- 
membered cycloalkanes 38% 
(1,4-dimethyleyclohexane, 
a linle 1,3-dimethylcyclo- 
hexane) 


1-Ethyleyclopentene 


5~membered cycloalkanes 39%, 1,4-di- 
methylcyclohexane 


1-Ethylcyclohe xene 


6-membered cycloalkanes 12%, 5-membered 
cycloalkanes 28% 


6-membered cycloalkanes 64%, 5-membered 
cycloalkanes 36% 


1-Propylcyc xene 


Aliyleyclohe xa ne 


Ally benzene “Monoalkylbenzene 


| | 

7 102 


. : under conditions ef hydrogen redistribution compels us to postulate a preliminary migration of the double bond in 
these hydrocarbons, This supposition is supported, also by the absence of olefins having a primary double 
bond in the products obtained frorn these same hydroca:bons. 


; Finally, the occwrence of 2,4- and 2,3-dimethylhexanes in the 6-methyl-1-heptene catalyzate forms a clear 
proof of the migration of the double bond: : 


c-c-c-c-c-¢=¢ > 

c c 

C-C-c-C-c=C-C 

C-C-C-C=C-c-C > 


feos aaaa of noteiauinn bad this type can be expressed id the aid of our proposed mechanism in the following 
manner® 


Cc c c Cc Cc 


c c cc 

c c 


— The second group ef hydrocarbons investigated were olefins having quaternary carbon atoms. In studying the 
— | transformations of hydrocarbons of this type, we tried to determine the circumstances under which the very vulnerable 
: grouping at the quaternary carbon could be preserved under the conditions of aluminosilicate catalysis, or, in fact, of 
acid catalysis in general. Cur results show that, when the double bond of the origina! hydrocarbon is attached ‘to an 
alkyl] side group (tertiary double bond), a quaternary grouping may be preserved. When, however, there is no tertiary 
double bond in the original hydrocarbon, a quatemary grouping is readily broker down. On the basis of our proposed 


5 scheme, the processes occurring may be represented as follows: 
c Cc Lc Cc 

ec cc c cc c 
Be, Formation of a certain amount of 2,4-dimethvlpentane occurs as a result of rupture of the three-membered _ 

a j ring at the point marked "2°. oy for 4,4-dimethyl-1-pentene: 
=C-C + C-C $C- 
| | 2 +H; 
c c 2. 


Cc 


we shall not consider the isomerization of 1-heptene, 3-ethyl-2-pentene, and 1,5-hexadiene in detail since their 
transformations are obviously covered completely by the above-described schemes. 


ss _ We may add that 2-methylhexane is obviously formed from 1-heptene, and 3-methylhexane from 2-heptene, 
1s i.e., completely analogously to the transformations of 5-methyl-1l-hexene. It is interesting that a certain amount 
of 2,4-dimethylpentane is formed from 1-heptene; this is probably formed in accordance with the following scheme: 


7 A * HA(HAIS iO,) denotes the aluminosilicate catalyst, which we are regarding as an acid having a hydrogen atoni “H" 
i. that is capable of undergoing exchange with the hydrogen atoms of hydrocarbons. 
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H 
C=C—Cy-* C-C —C-C, C-C=C-Cg > 


The convession of S-ethy!- 2-pentene into 2-methylhexane probably goes with intermediate formation of 3-methyl-2- 
hexsene. 
In ce cyclic olefin series isomerization is observed that may involve either expanzion or conuactioa of the 
“ring. In is interesting that, whereas the isomerization both of I-methylcyclopentene and of 1-methylcyclobexene 
goes with diffaculry (especially in the first case), the isomerization of the two corresponding ethyk yc ica lkenes goes 
considerably more readily. The ring-expansion reaction is particular marked in cyclopentanes. A similar readiness 
for cyclopentanes to react in presence of aluminum chloride was observed previously by Zelirsky and cowsrkess [2} 
A cLaracterisic feature of ow results is that the composition of the final products (with respect to the content of 
fiwe- and six-membered cycloalkanes) was approximately the same for all of the origina! bydrocarbons. The appsoxi- 
te ratuo ef five- and six-membered cycloalkanes was 1:2 (experiments at 250°), 


At higher temperatures (Table 2) isomerization associated with ring expansion in cyclopentenes fell appreciably, 
a fact that is in general accord with the high stability of five-membered naphthenes at high Tredan 
i the literature oni the equilibrium of closely related a are given in Table 3[3} 


ik mast be pointed out 
in geteral, wader the conditions 
Tempermtae Composition of equilibrium mixture (%) of alominisilicaie catalysis, the 
composition of the mixtare of iso 
| merization products obtained is 
oftez far from the equilibium 
_Value. This arises from the fact 
that the byamgen-redistribution 
reaction that & proceeding simul 
taneously effects comiderabie 
change; in the composition of th 
tsomerization product, saturating 
one or anotmer form of hydrocatbon preferentially. This circumstance assumes even grezter importance when we con- 
sider that paraffins and cycloparaffins are chemicaily inert under these conditions. The mest charac-eristic example 
is found in a comrarison of the iscmerization of 1-methylcyclopemtene and of l1-ethylcyclepemene. Since te six- 
membered isomer of the first hydrocarbon (cyclohexene) has a secondary double bond, and the comesponding’ isomer 
cf the second hydrocarbon (methylcyclohexene) has a tertiary double bond, and since, under the conditions of 
2luminosiliczte catalysis, hydtocarbons having tertiary double bonds are selectively saturated, it is found thar the 
methyle yc lopextene catalyzate consists only of methylcyclopentane, whereas the ethylcyclopemtene catalyzate con- 
tains of six-membered naphthenés, 


TABLE 3 


Let uw tun’ to the data presented in Table 2. From the approximately identical composition of the isomeriza- 
tion products of 1-propylc yciohexene and allylcyclohexane, we mus: suppose that the double bond readily migres 
from the side chain to the ring. Similar ready migration of the double bond of allylcyclonexane in presence of a 
platinum catalyst has been noted previously by Levina [4} Another proof of the formatioa of 1-propylkeyclohexene p . 
tom allylcyclohexane is afforded by the fact that in both hydrocarbons the hydrogen-redistribmion reaction proceeds 
wits approximately equal readiness; several times more readily thanin aliphatic olefins [5} 


Of sili greater imerest, in our opinion, is another type of isomerization undergone by — olefins, namely 
redistribution of radicals, proceeding as follows: 


Cc 
Cc 


we have found that 1-ethylcyclohexene and, w a lesser extent, 1-ethylcyclopentene show this rype of isomerization. 
A paper has recently appeared in which it is shown that isomerization of a similar type is undergone by isopropylcyclo 
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hexere in presence of alwnina impregnated in in HC1[6} In our experiments this sort of isomerization occured very 
readily at 250° ar” at 400°, 


Jn rarticular, all of the six-memb-red naphthenes of the 1-ethyicyclohexenc cata/yzzte consised of dimethyl- 
cyclohexanes. It is inreresting that at 250° the sole isomerization product was 1 ,4-dimethylc yclohexane, and only 
in the 400° experiment was a comparatively small amount (20) of 1,3-dimethyleycliohexane found. what is the 
mechanism of these transformations? Of the two possible schemes: a) alky!ation of the ring by methyl] radicals | 
formed at the expense of the side chain, and b) several successive reactions involving ring formation, preference must 
be given to the second. Alkylation at atmospheric pressure and at such a low temperature (250° foz an alumino- 
Silicate Catalyst, requiring, moreover, the breakdown of an ethy] radical, is-not very probable, all the more so since 
allybenzene yields only monoatkylbznzene under these conditions, i.e., no redistribution of radicals occurs in a hydro- 
carbon that ts, in general, much more readily alkylated. The most reasonable sugecsvamncion of isormerizanon of this 
type is as follows: 


te 


These schemes of ring transforiations are very probable ones, for the individual stages are in themselves quite reason- 
able, and the experimental data (see Table 2) are in general agreement, The overall result is that we obtain the most 
stable forms of cyclopentene or cyclohexene hydrocarbons for the given conditions, 


EXPERIMENTAL 


Our investigation of the isomeric transformations of hydrocarbons was carried out in a continuous-flow system. 
The experimental conditions and the analytical procedure employed in the examination of the hydrocarbon mixtures 
have been published previously [1]. We shall give details of the investigation of products analyzed by methods 
different from those previously described; the products mainly concerned are those obtained from 1-ethyicyclohexene, 
“which were analyzed by tie oxidation of the dehydrogenated (in presence of platinized charcoal) C, fraction of the 
catalyzate. The oxidation was performed under the conditions described by Isagulyants and Egorova [7] 


In the experiment at 250°, the appropriate operations (oxidatica with KMnO,) yielded crystals that sublimed 
without melting at above 240°, The elementary composition of these corresponded to that of the phthalic acids: 


Found Se: C 57,82; 57.67; H 3.77; 3.69; O 39.41; 39.64 (by difference) e - 
Calculated %: C 57.85; H 3.64; O 38.53 “ 
The substance was boiled with methanol saturated with HC] (5) and so converted into the dimethyl ester, @ 


which corresponded in melting point (139°) to dimethy] terephthalate. ia 


In the experiment at 400° the same operations yielded crystals that again sublimed without melting and corres- 
ponded to the phthalic acids in elementary analysis: 


Found %: C 57.88; 57.79; H 3.70; 3.63; O 39,42; 39.58 (by difference) 


The methyl esters obtained melted over a wide range (120-139°), but the greater part of the product, obtained 
by recrystallization from ether, meted at 139°, By making use of the different solubilities of isophthalic and tere- 
phthalic acids in alcohol, we showed that our product contained about 70% of terephthalic acid. It was established 
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by the same method rhat oxidation of the saturated transformation fooducts of allylbenzene ‘yielded only benzoic 
acid (m. >. 1234. 


The stuctwes of the ransformaton products of the aliphatic hydrocarbons, and also'of the five-membred 
c ycloalaanes of the 1-ethylc yc lopenze ne catalyzate, were established with the aid of Raman spectra. 


The hydrocarbons required were obtained synthetically: by the Grignard reaction followed by dehydration of 
. the tertaary akohols by distillation with iodine, or by the Grignard- -Wunz reaction, according to the procedure- 
developedg by Kazansky and coworkers [8] 4-Methyl-i-pentene was prepared by the condensation of ‘sopropylmag - 
nesium bromide with allyl bromide. 1,5-Hexadiene was prepared by Cories’ method trom allyl bromide [9}. 5-Methyl- 
l-hexene was prepared by the condensation of isobutylmagnesium bromide and allyl chloride, and 1-aepiene from 
butylmagnesiem bromide and ally] bemide. 4,4-Dimethyl-1-penrene was prepared by the action of ally! chloride 
on tert-butylmagnesium chloride, 3-Ethyl-2-pentene was prepared from 1,1-diethyl-1-propanol, prepared by the 
Grignard method from ethylmagnesium bromide and propionic ester. 2,3,3-Trimethyl-1-hutene was prepared from 
1,1,2,2-tewamethyl-1-propanol, obtained from mcthylmagnesium iodide and pinacolone. 6-Methyl-1-heptene was 
prepared by the condensation of isopentylmagnesium bromide and allyl bromide. 1-Ethylcyclohexene and 1-propyl- 
cyclohexene were prepared from the coresponding alcohols, which were obtained by the Grignard method trom cyclo- 
hexanone and ethyl- and propyl-magnesium bromides. 1-Ethylcyclopentene was prepared from the alcoho) synthe- 
sazeé from ethylmagnesium bromide and cyclopentanone, Allylcyclohexane and aliylbenzene were prepared by con- 
' densation of the corresponding alkylmagnesium bromides with ally] bromide. The constaas of the Spann. 
afie: pexwtication- and fractionation through.a 10-plate column are given in Table 4 


. The author takes this 
TABLE 4 
Opportunity of expressing his 
Constants of Hydrocarbons deep gratisude to G, Galpern 


and A. N. Kislis ky for camying 


ow the spectroscopic investiga- 
tions. 
+-Methyl-1-peniene 1.3820 0.6683 185 
1,5-Hexadiene 1.4046 0.6945 | 391 SUMMARY 
5-Methyl-1-bexene 1.3965 0.6926 | 165 
1 -Heptene 1.4000 6.7031 | 160 
2 -Methyl-2 1)-bexene 1.4070 0.7053 162 ot 
3-Ethy]-2-pentene 1.4150 0.7210 | 167 
4,4-Dimethyl-1-pentene 1.3925 0.6991 | 162 
2,3, 3-Tnmethyl-1-butene 1.4025 0.7060 | 164 
6 -Methyl-1-he 1.4065 0.7121 | 142 Wy 
1-Ethyleyc lopentene 1.4420 - | 0.7989 | 179 
1-Ethylcyclohexene 1.4566 0.8290 |. 142 intermediate formation of cyclo- 
1-Propyk yclohexene 1.4580 0.8410 | 110 
Allyk yclohexane 1.4507 0.8088 | 118 


formations: 1) isomerization of 
normal olefins into monoalkyl- 
alkenes in which the alkyl group stands at the double bond; 2) formation of dialkylalkenes from monoalkylalkenes in 
which the alkyl side group is well removed from the double bond; 3) breakdown of a grouping at a quaternary carbon 
atom, excepi im those ~ases in which, in addition to a quaternary carbon, there is a tertiary carbon at the double 
bond; 4) in the isomerization of C; (and higher) cycloalkenes, a mixtwe of two parts of six-membered and one part 
of five-membered naphthenes is formed; 5) in hydrocarbons having a primary-secondary double bond, migration of 
he doubie bond so as to form unsymmetrically substituted ethylene derivatives readilv occurs; 6) reduction in the 
number: of carbon atoms in alkyl side groups occurs. 


2. The overall result of the catalytic transformations of olefinic hydrocarbons in presence of aluminosilicate 
should be regarded as the summative effect of isomerization and hydrogen-redistribution processes, and the unsatura- 
ted hydrocarbons that are mainly formed are those which have the least tendency to undergo isomerization under the 
€xperimental conditions and which are readily saturated at a later stage owing to the re distribution of hydrogen. The 
most characteruuc forms of saturat ed Cg—C, hydrocarbons obtained at 250° we consider to be: 2-methylalkanes; 


2,3-, 2,4-, and 2,5-dimethylalkanes; methylc yclohexane; and also‘1,3-dimethylcyclopentane 
and 1,4-dimethylcyclohexane, 
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CONDUCTIVITY OF ACID CATALYSTS; AND ITS VARIATION 


DURING ALKYLATION AND POLYMEZIZATION REACTIONS 


Ya. M. Pauthkin and M. V. Kurashev > 


One of the funsdmenta] properties of acid catalysts ts the electrical conductivity associated with the ionic _ 
character of acids. According to moder views, acid catzlysis is to be explained by the abiliry of acids w dissociate 
‘imo ions, which take part in the intermediate stages of the reaction. The mechanism of alkylation (1) me polymeri- 
zation (II) with the participation of protons ‘may be represented by the following scheme [1} 


| Cw CaHyy + 
(CH=CH, +H*—> (CH,),C? cue 
Reaction is initiated by addition of a proton at a double bond, which leads t to the- astindas of a wert~buty) | 
carbonium ion, This carbonium ion then adds to 2-methylpropene with formation of a CyHy, carbonium ion, which, 
depending on the reaction conditions, may be converted in presence of isobutane into an octane isomer and a car- 
bonium ion (alkylation), or may be converted into an octene isom-s (polymerization) with elimination of a proton. 


In connection with the participation of ions in the reaction, it is of interest to investigate the conductivity of 
acid catalysts as a supplementary physicochemical] parameter that gives an indication of the variation of the pro- | 
perties of the catalyst, particularly its ionic character, im the course of the reaction. Volkenshtein [2] points out 
that catalytic activity, like conductivity, must be assigned to the category of “structure -sensitive* properties of 
heterogeneous catalysts. There is a relationship between the catalytic activity of a semiconductor and its condue - 
tivity, Le., between the rate constant for the reaction and the conductivity of the catalystx at a given tempera- 
ture, and it may be re presented by the function: 


ky = ko 7). 


The conductivity can serve as a characteristic of the activity only insofar as we are concerned with various 
samples of the sarne- catalyst differing in the content of an additive that does not affect the general nature of the 


catalyst. The specific conductivity of liquid i tea is determined by the concentration of ions and the 
mobility: 


= 


in which «x is the specific conductivity, cis the ionic concentration, and u and vy are ae ionic mobilities, i.e., 
> product of charge and velocity. The mobility of the hydrogen ion is 313 coulomb cm/sec, and those of the ions 
NOS and 450, vary over the range 46.6-67 coulomb-cm/sec. 


For heterogeneous catalysts a direct relationship has been esteblished purely theoretically between catalytic 
activity and the conductivity of the catalyst. If acid catalysis were due directly to free piotons, it would be possible 
to find a relationship between conductivity and catalytic activiry. 


As will be seen below, however, no general relationship is to be observed between the conductivity and ac- 
tivity of acid catalysts, This may be explained by the fact that protons are not met in the free state in anhydrous 
acids, but are combined in the form of complex ions of the rype [Hx)". The formation of a carbonium ion may, 
therefore, be associated with two successive stages: elimination of a proton frém complex ion, [HF J*, [H,SO,]*, 
or [H,PO,]*, and its addition to a double bond. The tendency for protons to ‘be eliminated is not identical for 
different fons and may not be related w the conductiviry. 


The catalytic activity is most fully expressed by Hammers function (3), which is determined with the aid of 
indicators and characterizes the tendency for an acid catalyst to lose a proton when a proton accepior appears. Since 
this method is associated with the use of colored indicators, it is suitable only for uncolored media. 


| 


"In the present investigation we have studied the conductivity of a number of acid catalysts in relation to their 
catalytic activities, and we have studied also the variation of conductivity in the couse of alkylation and polymeri- 
a zation reactions, Apart from the usual alkylation and polymerization catalysts, the compounds of beren trifluoride , 
which comprise a large group of catalysts, are of great interest, The most interesting of these are the strong couples 
ae ids, such as BF H,O; BFs- 2HD; HF - -HO- - BF, 


A number of papers has appeared recentiy on the electrochemistry of boron trifluoride compounds. “The 
material published on this question is, however, very limited in scope, and is concerned with only a few compounds. 
Thus, up to 1950 the conductivity was known tor only five boron urifluoride compounds [4]: 


Compound Conductivity at 25° 
(C - BFs K = 2.97- [4} 
BF x = 42.0 -i0ohm™ [4) 
2H,O «x = 1050 -10~onm?-cm™ 
2CHOH x = 22 [4} 
BF liquid at — 120° k= 8 (7) 


The conductivity of the etnerate of boron trifluoride has been investigated over the range —9.4° w + 44.7 [4], 
1S extreme values being 1.344° and 4.58- 10“ respectively. The conductivity of boron wifluo- 
ride dihydrate BF, - 2H,O varies from 4.81- 107? to 10.52- 107? ohm~2-cm~ over the range + 2.6 —45.5° [8] Con- 
ductivity varies linearly with temperature. 


A paper has been published recently by Sklyarenko [9] on the determination of the conductivity and other 
physicochemical properties of omhophosphoric acid at various concentrations at 25°, 


Cencentation of Density Specific conductivity 
HsPO, (%) (g/cecj (ohm. cm~4 
81.39 2.6401 9.09916 
88.22 1.7242 0.07466 
93.10 : 1.7886 0.06150 
97. 35 1.8443 0.05693 


For > sto ante at concentrations of 80, 90, and 100% at 18°, ean values of 0.119, 0.107, and 0.0157 
respectively are cited. 


The investigation of the conductivity of a few BF, compounds has made it possible to elucidate the structure 
of baron trifluoride compounds [10}. Thus, the high conductivity of boron trifluoride hydrates shows that they are 
strong acids of the type of wifluorhydroxyboric acid H*[HO: BF] and the hydrate of this acid HgO*{HO: BFs}) The 
ethyl-etherate of boron wifluoride has a considerably greater cond tivity (2.97- 1074 ohm™?- cm~ ) uhan those of 
the original ether (3- 10° and liquid BF (5- 107" ohm~!-cm~4), thus indicating the appreciable 
1onization of the etherate molecule, Electrolysis of the ezhyl-etherate is accompanied by evolution of hydrogen 
and ethane. On this basis we can regard the etherate of boron trifiuoride as an ethy] derivative of irifluorcethoxy- 
boric acid CyHg*[C.gHgO: BF3], the ionization of which is less marked than that of the acid itself [4}. 


EXPERIMENTAL 


The conductivity of the acid catalysts was determined by the usual method with an apparatus consisting of an 
aliemating-current sound generator GZ-1, a resistance box R-14, a drum slide wire, and a vessel containing platinum 
electrodes. In determining the conductivity, the catalyst (5-6 m1) was placed in a beaker, which was kept ina 
thermostat to acquire the required temperature. The platinum electrodes were then lowered into the electrolyte, and 
the conductivity was measured. Several determinations of the conductance were made, and on the basis of these the 
specific conductivity was calculated by the formula « =<c-°k, in which c is the cell constant and k is the conduc- 
tance. Below ve give the conductivities of a number of acid catalysts, ‘according to the authors® determinations, 
and also infor:nation on the catalytic activity of the catalysts in alkylation and polymerization reactions, 


Aithough acid catalysts are not completely chemically pure substances, since they cannot be distilled or 
purified by known methods, different samples of the same catalyst prepared 2: different times were found to have 


conductivities of the same order. In Table 1 a systematic scheme is given showing the activities and conductivities 
of a number of catalysts. 


TABLE 1 
Conductivities and Activities of some Cztalysts* 


No, Catalyst | Conductivity at 25*(ohm™.cm™) | Alkylation of isobutane, Polymerization at atm. 
specific equiv. molar ‘isopentane press. and 100°** 


- - + + 0 
2 | BF, 0.00722 0.205 0.615 Weak | + 
3 | HP O--2BF, 0.0067 0.270 1.080 ; + +! + Weak | + 
4 |BF;-H,O 0.0386 | 0,949 - + 
5 | 2H 0.1660 - -0 0 0 0 + 
6 |CH,OH-BF, 0.01371 0.966 0 Weak | + 
7 | BF, 0.00854 0,718 Weak | + 0 
“BF, 0.00053 - 0 0 0 0 + + 
9 !(CyH,),0-BF, 0.0003 - - | 0 0 0 0 0 ‘+ 
H 10 |H,SC, + BFs 0.03569 - ~ + + + 
4 11 |H,SO, 0.03569 1.158 | 2.316 | 0 Weak .|" 4 Weak + 
12 0.0510 | 0.885 . | 266 | 0 jo Jo + 


* The prepazation of the catalysts and their poperties are given elsewhere [10, 11} 
. ©* The sign + indicates that the reaction goes,.and the sign 0 indicates that i: does not, 


No. general relation is t be observed between conductivity and catalytic activity. Song acids, whicu are ac- 
tive catalysts, have Mm a number ‘of cases a lowes conductivity than less active catalyst. 


We give below a table showing the variation of conductivity with témperature’ for some of the principal 
Catalysts. 


TABLE 2 


Variation of Conductivity with Temperature 


Temperature (°C) S pecific conductivity ( ohm~*-cm~ 


H,SO¢ 100. %) + BF HsPOg-BFy | HPO. 
5 0.022005 0.017147 0.004357 - 
10 0.029177 | 0.020119  0,004592 
15 | 0.025250 0.005209 
20 0.033685 0.027058 0.065834 
25 0.043595 0.03 5694 0.007227. 0.0510 
0.049742 | 0.041639 0.008108 


Cond uctivity varies linearly with temperature (Fig. 1). 


A study was made of the variation of the corductivity 
during polymerization and alkylation reactions, For these 
reactions we tock chemically pure benzene, isopentane, and 
olefins (propene and 2-methylpropene), which were prepared 
by the dehydration of the corresponding alcohols (oléfin con- 
tent of the gas 98-99%). A number of successive experiments 
were carried out, and after each of these we determined the 
yield of polymers or alkyl derivative, the density, conductiv- 
ity, and catalyst concentration, 


CONDUCTIVITY 


Variation in Conductivity in the Alkylation of Benzene 
with Propene, Successive experiments were carried out on 
the alkylation of benzene with propene at 15° and atmo- 

5) spheric pressure, For each experiment we took 200 ml of 
t benzene, 30.5 liters of propene (molar ratio 2.75: 1), and 


25 ml 
Fig. 1, Variation of conductivity of catalysts with 
temperature, 
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_ After each experiment the reaction product, which consisted of isopropyl benzene (b.p. about 1525 and 
poly:sopropylbenzenes, was fractiorated, and the yield of alkyl derivatives boiling above 120° was determined on the 
basis of the propene taken. The alkylation procedure has alrezdy been yivei in.cetail by the authors [11]. The re- 

sults of the — are oe in Table 3. i 


During the reaccion the catalyst ccncen- 
tration falls as a result of the dissolution of un- 
Variation of yield, consumption and properties of HyPO,-BFs — : saturated hydrocarbons, and this is shown by a 
catalyst in the alxylation of propylbenzenes fall in specific gravity and conductivity. Ata 


certain point the activity of the catalyst falls 
sharply (the yield falls), and this point corres- 
ponds to a sharp fall in the conductivity and 

specific gravity of the catalyst. The graph in 
Fig. 2 shows the variation in the specific con- 


No Yield of 
based on 

propene 

| above 1205 


Catalysi cornsump- 
tion on alkyl 
deriv. obtained) 


Sp. gr. Spec. 
tivity az 25° 
(ohm™.cm™) 


0 0,00722 ductivity of the catalyst in the course of reac- 
1 186 0. 006-17 tions carried out in a series of successive ex- 

2 220 0.09624 periments with one portion of catalyst. 

2% Variation in Conductivity in the Alkyla- 
tion of Isopeatane with 2-Methy)propene. The 


alkylation of isopentane with 2-methylpropene 
: was carriea out in presence of 98.5% sulfuric 
. acid. 2-Methylpropene (5 liters) was passed into a vigorously agitated mixture of 50 ml of isopentane and 30 ml] of 
2 sulfuric acid at 10°, The hydrocarbon layer was then disulled, yielding alkyl derivatives boiling in the range 30-170° 
and a residue boiling above 170°. The results of the experiments are given in Table 4. 


Change in the catalyst activity during the HK 04 

alkylation reacticn is accompanied by change in 

conducuvity, and the conductivity of the catalyst 
can, therefore, serve as a supplementary character- 
istac of the alkylation process. 


7 


‘Conducuvity of Suiiurr Acid in the Poly- 
merizauon of Propene and 2-Methylpropene. 
Alkylation us always accompanied to some ex- 
tent by polymerization, and in a number of cases 
polymerization can be considered as an indepen- 
dent process, so that the study of the conductivity 


Of catalysts in relation to the polymerization pro- 
Fig. 2. Variation of conductivity of catalyst in the course of 


reaction. 


133) 


TABLE 4 


Variation of Yield, and of the Consumption and Properties of Sulfuric Acid, for the Alkylation of Isopentane with 
2-Methylpropene” 


Expt. Yield of alkyl derivative 
No. on 2-methylpropene 


Sp. gr. of 
alky] deriv. 
20 


Consumption of < atalyst |Sp. gr. of | Concentra- | Specific conduc- 
(% on alkyl derivacive) | acid tion of acid | tivity-at 25° 


at 3U-170° | above 170° . (ohm-!.cm~?) 
0 - - 1.842 98.3  -| 0.1150 

3 183 a 0.708 209 1.766 90.0 0.1000 

4 , 1€ 0.710 85.5 1,734 86.9 0.0930 

6 i @ ee 0.729 83.7 1,690 83.0 0.0674 

0.746 53.2 1.525 62.6 0.0341 

| 0.760 51 1.4190 60.6 0.0233 


* The authors have already given details of the procedure [11] 


The polymerization of olefins in presence of H,SO, and HyPO,° BF was carried out in a solvent, namely hep- 
. tane, Propene or Z-methylpropene was passed into a vigorously agitated emulsion of the catalyst and solvent. The 


VOLUME OF ALKYK 
DERIY 


reaction was carried out at 20-25°, the rate of passage of gas being 1-1.5 liter/hour. After each €.perimert, in the 
course of which 4-5 liners of gas was passed, the hydrocarbon layer was separated from.the acid layer, washed, and 
The heptane (b.p, 98.4") was distilled off up to a tempezature of 100°, :ince the polymers obtsined uader 
these conditioas boil above 100°, After each experiment the conductivity, titrztable acidity, and specific gravity of 
' the catalyst were determined. The polymers were not specially ee since this question has been examined 
in previous investigations [11] 


2 The polymerization of propene in presenee of. sulfwic acid 
. xo) : cid not proceed very rapidly: a large past of the propene dis- 

4 solved in the acid, leading to rapid increase in the volume of the 
acid layer, fall in the acid concentration, and fall ir its conduc- 
tivity, so that polymerization ceased. Under simila: condito- 

_2-methylpropene polymerized readily, and the comentration and 

* conductivity of the acid fell on!y slowly: over 2 series of expern- 
ments the yield did not change appreciably. The results of the 
experiments are given in Table 5. 


In Fig. 3 a comparison is made of the variations of the con- 
Guctivity of the catalyst H,SO, in the polymerization of prepene 
- ‘and 2-methylpropene, ‘and in the alkylation of 2-methylpropene. 

In the course of polyme:zization the electrochemical propernes of 
VOLUME RATIC the catalyst change greatly, but in the ceurse of alkylation the 
change in the catalyst is slow. Introduction of a substance cap- 
‘able of being alkylated into the reaction raises the staril:ty of 


Fig. 3. Variation of condactiyity and specific 
gravity in the polymerization of 2-methylpropene. 


oe, Bee sulfuric acid when it reacts with clefims. A polymerization side 
_ reaction during alkylation will, therefore, encourage poisoning 
of the catalyst. 


TABLE 5 


Varauon m the of an H,SO, Catalyst the of Propene and 2-Methylpropene 


Change in conducuv- 


Propene 
0 1.8351 93.5 0.10773 
1 20.8 0.7450 3200 - - 0.08644 
2 15,0 0.7533 | 1835 1.6393 0.05823 
4 114 0.7644 1206 1.3500 60.9 0.01620 
6 42 0.7688 890 1,327 40.3 0.60411 
8 Traces = - 1.2700 i 20.4 0.00148 
2-Methylpropene 
2.4 0.7460 2100 1.8039 92.0 | 9.09802 
2 66.4 0.7464 654.1. 1.7180 ; 86.1 ' 0.07694 
5. 65.8 0.7882 341.1 1.6254 ! 18.4 0.05358 
7 66.4. 0.7926 222.4 1.5554 68.9 0.03559 
9 95.4 0.7734 154.7 1.5156 67.6 0.02506 
10 74.3 0.8012 104.1 t 1.4220 60.1 0.01920 


The compound of boron trifluoride with orthophosphoric acid is one of the most active polymerization cata- 
lysts known, We have studied the variation in its conductivity in the course of the polymerization of propene and 
=-methylrsopene. The experimental! conditions were similar to those of the preceding experiment; 30 ml cf cata- 
lysi, composition HsPO,- BFs (sp.gt. 1,906), was taken. 


2-Methylpmpene was found to polymerize very readily in prescuce of the complex formed by orthephosphoric 
a-id with boron trifluoride, and the yield of polymer, therefore, remained practically unchanged during 15 successive 
e «periments. Also, in the pinnae: of propene, the catalyst remained active up to the end of the series of ex- 
petiments, 
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4 Expt. [rield of polymer |Sp. gr. of polymer Catalyst 
No. Ce ‘Consumption (%) | Sp. gr. {Concentration (%). ity (ohm~*-cm™~*) 
€ 
~ 
| 


TABLE 


Variation an grr P; poperijes of a HPO, EF, Catalyst during the of Pzoperc and 2-Methylpeopene 


Expr - j. Yaeld of polymer gt. polymer 


Cr) 


1 €2.9 
74.6 
4 89.5 

11 85.6 


70.2 


CONDUCTIVITY 


Fig. 4. Variation of the conductivity of HyPO,-BFs 
in alkylauon and polymerization processes, 


alzylation of isopentane with 2-methylpropene. 


during alkylation, 


0.8119 
0.8001 
0.8050 
0.8010 


0.8156 


0.8374 


'Con:umption (%) 1 Sp. g. (ohm? 


23466789 will 
YOL. OF Poymer (ALKYL DER) 


VOL. OF CATALYST 


2-Metbyipropene 


Catalyst 


Propene 

360 1.7884 
241 1.7831 


1.7020 


86.7 1.8118 
418.6 1.7464 
190.0 1.6781 . 
99.2 1.6361 
61.1 te 1.5897 
45.6 1.5641 


CONDUCTIVITY 


0.00520 


in conducii-ity 


em”) 


0.00450 . 


0.00421 


0.00403 


0.00240 


0.00427 
0.00345 
0.00273. 
0.00218 
0.00197 
0.00189 


An imeresting picture is presented when a comparison is made of the variations in the cenductivity of the 
catalyst HsPO,- BF in the polymerization of propene and 2-methylpropene and the alkylation of benzene (see Fig. 4). 
This picture is similar to that observed for sulfuric acid: the catalyst pias little during polymerization, although 
it is one of the most active a Catalysts. 


YOL. OF Pou 


VOL, OF CATALYST 


Fig. 5. Variation of the conductivity of catalysts 
during polymerization and alkylation. 


Fig. 5 shows the variation of the conductivity (as percentage of initial value) of sulfuric acid and the complex 
of orhophosphoric acid with boron trifluoride in the course of the polymerization of 2-methylpropene and uf the 
The most marked change in conductivity in the course of reaction 
is observed for sulfuric acid. The conductivity of the catalysts eng tapdily during polymerization, and slowly 


The lowering of the catalytic activity and conductivity of catalysts during-the polymerization and alkylation 
of hydrocarbons is. to be explained by the formation in the catalyst of pa.tial and full esters, which have low con- 
ductivity and do not facilitate ionization, There is, consequently, a reduction in the concentration of the principal 
substance responsible for the conduction of the current and the promotion of catalysis. For this reason a definite 


relationship is to be observed between the deg:ee of catalysis and the value of the conductivity, so long as no water 
is allowed to enter the reaction mixtuwe, 
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SUMMARY 


1. The conductivities of 2 number of acid Catalvsts Lave been investinnend. tabuiates, nd compared with . 
the catalytic activities of these subsiances, ’ 


2. No general relanonship is to be observed between the catalytic. sctiviry and canine when a number. 
of different catalysts are considered, but when one particular catalyst is unde: considetation, the conductivity forms . 
an index of tLe activity of the catalyst. The conductivity falls paraliel to the specific sited and titratable con- 
centration of the catalyst. ; 


3. Comparison of conductivities in polymerization and alkylation reactions shows that in alkylation the con- 
ductivity changes very slowly, whereas in polymerization it changes very rapidly, Although the alkylation reaction 
occurs in presence of strong acids and, in general, with a smaller grovp of catalysts than the polymerizatioa reac- 

tion, the stability of the catalyst is.cousiderably higtier in alkylation than in polymerization, ‘ 
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STUDY OF THE EFFECT OF PRESSURE.ON THE POLYCONDENSA TION 


OF THE METHYL ESTER oF GLYCINE 


A.M. Polyakova, L. F. Vereshchagin, A. A. Sakharova, and E. S. Tambovtseva 


The present investigation forms a continuation of the work ef Polyakova and Veresachagin on the effect of 
pressure on the hydrolysis of 2,5-piperazinedione and the formation of polypeptide linkages[1] The authors showed 
that increase of pressure greatly increases the rate of hydrolysis of 2,5-piperazinedione. Also, it was found that the 
final reaction mixture consisted not only of liquid hydrolyzate, but contained also a solid water-insoluble product. 

It was considered that the solid compcund was a polypeptide formed from residues of hydrolyzed 2,5-piperazinedione. 


Increase in pressure, therefore, not cnly leads to increase in the rate of hydrolysis of 2/5-piperazinedione, but 
also results in ‘the formation of polypeptides from the amino acid molecules produced in the hydrolysis. The authors 
of this paper did not, however, succeed in determining the mean molecular weight of the solid compoud, oving & wo 
it extremely low solubiliry. 


The question of the effect of pressure on the rate of formation of polypeptides from amino acids and their Ee : 
esters is undoubtedly of great theoretica! and practical interest, in view cf this fact we have, in the present work, 
undertaken a study of the behavior of esters of amino acids under pressure. The reason for the choice of esters of 
- amino acids as monomers is tharthe resulting alkoxy] end groups permit the numbez of uniss in the polymer chain 
forme? to be determined comparatively readily, even when the poiymer is insoluble in the usual organic solvents. 


The simplest of the amino acid esters, the methyl ester of glycine, was selected for investigation. As early _ 
as 1888 C wtius [2] who was the first to obtain the methyl] ester of glycine in the free state, found that, when this * 
es:e: was left for a few-days in a sealed tube, it was converted into a white solid mass. This phenomenon was given 
the name "polymerization", but its essential character was not discovered by Curtius. Later, in 1904[3} the same 
worker showed that in the polymerization of the ethyl ester of glycine under like conditions a tetraglycyl compound 
was formed, namely NH{ HZ O(NHCH,CO),NHCHCCO 3H, which was called 2 “biuret base” by the author. Cur- 
tius showed that, apart from the tetraglycyl compound, glycine anhydride was always present in the polymerization 
products, The next work on the polymerization of glycine esters appeared in 1939, 


In a shoit communication Frankel and Katchalski [4] gave their experimental] results on the polycondensation 
of the ethyl ester of glycine. The authors, who did not draw any theoretical conclusions, showed tha! by variation 
of, the medium and temperature conditions, and by passage of gas through the ester, linear polymers of 12 to 20 - 
units could be obtained. All of the polymers obtained were homlike in nature and were practically insoluble in hot 
water. The question of the polycondensation of glycine esters is treated in greater detai) in 2 paper by the same 
authors, which appeared in 1942 [5] The data supplied by this paper concerning the polycondensation of the methyl, 
ethyl, and isobutyl esters of glycine are mutally complementary. The authors showed that the methy] ester of gly- 
cine, when left in an open vessel for one month, yields a fraction that is insoluble in hot water and contains 18 amino 
acid residues. Also, when nitrogen is passed for 12 hours and the reaction mixture is set aside fer one month at room 
temperature, a polymer of 30 units is obtained. When the methyl ester of glycine is kept in dry ether for three months 
at room temperature, a polyme;: of 27 units can be obtained, and when the ester is boiled in dry toluene for four hours. 
and the reaction mixture is then left for three months, a polymer containing 35 monomer units is obtained, 


Frankel and Katchalski consider that the glycine ester polymers t1.1t they isolated have a straight chain struc: 
ture, this contention being proved, in their opinion, by the following facts, which they have established: 1) the 
proved presence of alkoxy] and amino end groups; 2) the obtaining of the biuret reaction during the alkaline hydroly- 
sis of polymer molecules; 3) the quantitative agreement between the number of glycine residues in the condensa- 
tion product (calculated from the content of alkoxyl groups) and the number of amino acid molecuies liberated in 
the complete acid hydrolysis of the condensed molecules. “i 


The paper of Fraenkel-Conrat et. al. [6], which appeared in 1945 and was concerned with questions relating 
to the preperation of polyglycine esters, contains no data that are essentially different from those that we have cited. 
The authors kept the methy! ester of glycine in ether solution at room temperature for one month, and obtained, in 
addition to low polymers, highly polymeric glycine esters containing 15 glycine units. In confirmation of this value 
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of the chain lengin, the authors give analytical figures for free amino nitrogen, amine riuogen liberated by acid 
hydrolysis, and bound nitrogen. 


It was considered to be of inteiest to study the polycondensaticn of the methyl giycine ester under super-high 
Pressures al various temperatures, Also, it was considered to be important to establish the structure of the polymers 
with certainty, for the proof given by Katcnalski of the linear-chain szructure is not convincing: all of the argumeats 
given above will apply also if there are cyclic groupirgs in the molecule, for example 2.5-piperazinedione units, 


It must be noted thai according to the 2,5-piperazinedione theory, which was advanced by Zelinsky in 1914 and 
developed by him, in conjunction with Sadikov in 1923 [7] the protein molecule, whick is a polymer formed from 
amino acids, 1s bound te contain not onl; polypeptide chains, but aiso 2,5-piperazinedione 1ings. The researches of 
Zelasky, Gavrlov, and coworkers have shown. the readiness with which 2,5-pipe:azinediones are destroyed, and 
also the possibility of the formation of 2,5-piperazinedione rings under the conditions employed for the hydrolysis 
of proteins with the.object of determining their smucture. 


Gavrilov and Koperina [8] have proposed a method of electrolytic reducticn which, unlike previous inti 
for the determination of piperazinediones, permits the presence and number of piperazinedione rings in the protein 
molecule to be established with exactness. We have taken this method as our basis in preving the structure of poly- 
mers of glycine methyl esie: formed under conditions of normal and super-high pressures. | 


In the present investigation we have studied the polycondensaticn of glycine methy] ether at 4500 arm and at 
various temperatures (room, 50, 7£, and 130°), At the same time, comparative experiments were carried oi at 
atmospheric pressure. As a result of the reaction a mixture of polycondensation products was obtained, from which we 
separated only the maciomolecular polymers, insoluble im hot water. Investigation of the reaction products showed 
thar high pressure results in increased rate ct reaction and in the degree of polycondensation. in order wo decide the 
question of the structure of the polymers ~~ we subjected them to electrolytic reduction by Gavrilov and 
Koperina's method, 


Our tests showed that our polymers would not undergo the elecwolytic reduction :eaction that was to be ex- 
pected if piperazinedione rings were present in the polymer molecule. This gave us reason ‘to suppose that linear- 
chain molecules may be formed when polycondensation occurs under high-pressure conditions. Calculations of the 
theoretical contents of amino nitrogen and methoxyl groups based or 4 linear-chain structure for the polycondensa-. 
tion products were in good agreement with the experimenta! resu'ts. Since the polymers obtained were insoluble in 
all of the organic solvents that we wied, we could determine the molecular weight (and so the numbe: of monomer 
units in the polymer) only by the chemical method: by the content of methoxy! end groups. We determined the - 
methoxyl content by Viebdck's method, and the analytical #¢sults were corfirrned by hydrolysis followed by deter- 


mination of amino nitrogen by titration according w the methods of Sorensen and Linderstr6m-Lang, and also by the 
preparation of copper salts, 


EXPERIMENTA L 


Preparation of Starting Materials. The methyl ester of glycine was prepared by the method proposed by 
Frankel and Katchalsk: in which the hydrochloride of glycine methyl ester is suspended in absolute ether and decom- 
posed by a current of diy ammonia at 0°, it had the following constants: b.p. 46.5°(12 mm); 48.5°(16 mm); 34° 
(20 mm). For giycine methyl ester the literature gives: b.p. 45°(20 mm) b.p. 130°('760 mm) [6]; 54° (50 mm), 
average yield 48.4% [2] In its turn the hydrochloride of glycine methyl ester was prepared by the following series of 


reactions: glycine ———*>glycine hydrochloride hydrochloride of glycine methyl ester, m.p. 174.5- 
75° (the literature [2] gives 175°). 


Found %: C 28,73; 28,94; H 6.62; 6.59; N 11.44; 11.32 
CsH,O,NC1. Calculated %: C 28.69 H 6,42 N 11.16 


Experimental Procedure. The experiments on pelyeondensation under pressure were carried out in a’ strong 
tube of plastic material, length 10 cm, internal diameter 6.5 mm, wall thickness 2.5mm. The ends of the tube 
were provided with pistons, by means of which the pressure was communicated to the substance under investigation; 
the tube was encased in copper. It was placed in a high-pressure reactor filled with freshly distilled, anhydrous 
giycerol The reactor was immersed in an oil bath provided with electric heater, stirrer, and contact and control 


thermometers. The pressure was applied by means of a hydraulic compressor, The variation from the stipulated 
experimental temperatures did not exceed + 1°, 


The routine was the same for all of the pressure experiments; it was as follows: For the first 18 hours the 


glycine methyl ester was under pressure at room temperature. Heat was then applied for six hours (pressure experiments 
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were carried out at elevated temperature), snd 18 hours after heating ceased the pressure was released. Hence, the 
: glycine methy! este: was under pressure for 42 heurs altogether, and tuis period included six hours — which heat 
was applied. 


621 


The salleaaeedinataatinay reaction carried out at the same 
temperatures, but under atmospheric pressure, was performed in 
glass tubes protected by soda-lime tubes and immersed-in an 
oil thermostat. As in the pressure ¢xperiments, the reaction pro- _ ‘ 
ceeded for 18 hours at room temperature, heating was then ap- Z | 


4 plied for six hours, and after 2 further ‘18 hours at room tempera- 

a ture the experiment was concluded. The routine in the experi-. 

ments at high pressure and at pressure was therefrre 
& the same. 


Treatment of the Reaction Products 


The: product obtained as a result of the polymerization 
was transferred 10 a weighed tube for centrifugation, and was . - 
washed in the centrifuge with hot water until the washings showed 
a negative reaction with picric acid (absence of 2,5-piperazine- 
dione) ang a negative biuret reaction (absence of low pojymers, 


. a soluble in water). The water-insoluble polymerization product 
# ‘ was dricd-in a vacuum desiccator. When constant weight was > 
attained, the electrolytic reduction of the product was carried 
a Apparatus for the quantitative determina- . out, the methoxy! content was determined, and the product -was 
tion of methoxyl,content: A) reaction hydrolyzed with 29 hydrochloric acid and then determined as 
4 vessel; B).condenser; C) column contain- the copper salt of glycine. 3 
ing, of 10d Determination of Cyciic Groupings in the Polymers by the 
on D) absorption vessel containing a mixture 


Electrolytic -reduction Method. The electrolytic reduction of © 
the product was carried out by the method of Gavrilov and. 
Koperine [8]. In the hydrolyzetes obtained before and.after re - 
duction, ‘the total nitrogen was determined by the Kjeidah) me- 
thod and the aminé hitrogen by Sorensen's method, as modified 
by Gavrilov. The results of the electrolytic reduction of the product obtained by the polycondensation of anes me- 
thy] ester at 4500 atm and 75° are presented in Table 3. 


of sodium acetate, acetic acid, and bro- 
mine; E) absorption vessel containing a mix- 
ture of sodium acetate and formic acid. 


TABLE 1 
Analysis for Nitrogen in Different Forms, Before and After Reduction 


Total N in 


_ solution (g) 


Conditions of experiment _ 


(% of total N) 


102.32 
101.06 


Before reduction after hydrolysis... .. 
After reduction after hydrolysis 


As will be seen from Table 1, no reduction in the amount of nitrogen titratable by Sorensen’s method in the 
hydrolyzate of the preduct obtained after electrolytic reduction is observed, which may be taken as a proof of the 
absence of 2,5-piperazinedione rings. 


We determined the methoxy! content by Vie- Pe 
TABLE 2 ‘ 
bock's method [9]. 


Quantitative Determination of the Methoxyl Content 
by Viebock's Method In the course of the work we introduced some 
instead of the recammended hydriodic acid of sp.gr. 1.7, 
a - we used acid of sp.gr. 1.96. The analytical results are 
a 1 75° 2.16 given in Table 2. 
4500 15 0.80 The hydrolysis of the product for amino nitrogen 
determination was carried out with 25% hydrochloric 
7 acid at the boul for six hours. The hydrolyzate was ae 
* 
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TABLE 
Qeaaut ative etermination of Aming Nitrogen by Titratton by the Methods of Linderstom-Lang and Sorensen, and 
of Torl Nitrogen by the K* eidahl Method 4 
; Experimental value of 
, methoxy) content (he) 


Product obtained at 75° aud 4500 atm 


TABLE 4 
Cuantitative Derermination of the Copper Salt 


Conditions under which product obtained Amount of copper sali. Amount of copper oxide . 
Pressure (atm) Temperature (°C) Calculated theo- Obtained Calculated 
retically from me-|theoreti- (g) 
thoxy] content (g) [cally (g) 
4500 
4500 


TABLE § 


; Effect of Pressure and teneapieihener on the Rage of the Nilianaidtesieabiia of Glycine Methy] Ester and on the Mean 
Molecular Weight of the Product 


Pressure (atm) (Temperature | Methoxyl con- | Mean no. of Mean molecular 
(°C) teni(jo) roups weight 


1 i No Product Obtained 

1 Traces of Product 

1 2.16 | 25 1458 
4500 No Product Obrained 
4500 0.71 fe 4368 10.61 
+500: 0.80 67 3855. 13.04 
4500 i 0.95 57 3284 18.91 


neutralized with caustic soda solution, and the amino nitrogen was determined by titration, following Sorensen and 


Linderstrom-Lang [10]. This procedure was first checked with glycine. The product obtained at 75° and 4500 atm 
was analyzed in this way (Table 3), 


_ The quantitative determination ‘of the copper salt was carried out io Heintz's method ois and for this purpose 
the product was hydrolyzed with 10% sulfuric acid at the boil (Table 4). 


As will be seen from the tables, the results for the amino-nitrogen and copper salt estimations were is good 
agreement with the methoxyl-determination results. 


Discussion of Results. In Table 5 we give data showing the dependence of the rate of polycondensation of gly- 
cine methyl ester and the mean molecular weight of the product on pressure and temperature. 


It wil be seen from Tabl2 5 that at 50° and atmospheric pressure only traces of macromolecular polypeptides 
2re obtained, and it was not found possible to analyze these owing to the small amount formed: At 4500 atm, how- 
ever, at the same temperature, a mixture of macromolecular polypeptides was obtained in 10% yield, and the me- 
thoxyl content, 0.7, corresponded to an average of 76 monomer units per molecule, if.we assume the polypeptides 
formed to be of linear structure. In the experiments at 75° and atmospheric piessure, a mixture of water-insoluble 
polypeptides was obtained in 4.08% yield, and the methoxyl content, 2.16%, corresponded to a mean chain length of 
25 monomer units, At $500 atm and at the same temperature, the yield of macromolecular polypeptides was 13p, 

nd the methoxyl content was 0.80%, corresponding to an average of 67 monomer units per molecule. 


7 
24.35 24.29 23a - 
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These experiments show also the effect of temperature on the course of the polycondensation of the glycine — ? 
ester under pressure, As Table 5 shows, no macrorzolecula: reaction products are formed ai room temperature, -At 
50° and 75° the effect of cise of temperature.on the reaction rate and degree of polymerization is sécn, ‘srt “— 
further rise in temperature to 130°, only the yield of macromolecular polypeptides increases. 


We thus see the effect of pressure cr the rate of ‘:polycondesation and on the mean molecular weight of the:. 
product at the temperatures 50°, 75", and 130°. At 75°, for example, both the yield of macromolecular polypep-_ 
tides.obtained as a result of the polycondensation reaction and the mean ‘molecular weight of these products sre 
% approximately three times as great at 4500 atm as at atmospheric pressure. 


SUMMARY 
} 2.° Fhe polycondensation of glycine methyl] ester has been investigated at a pressure of 4500 atm and at 
a various temperatures (room, 50°, 75°, 130°). 


2. It has been established that high pressure increases the rate and exiemt of the polycondensation of gly- 
cine methyl ester, 


3. The effect of temperature on the polycondensation of glycine methyl ester under pressure has oon de- 
termined. 


4. An attempt has been made to determine the structure of the products of the polycondensation under pres- 
sure of g)ycine methyl ester, 
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CATALYTIC HYDROCCNDENSATION OF CARBCN MONOXIDE WITH OLEFINS © 
COMMUNICATION 11, BEHAVIOR OF 2-METHYL-2-BUTENE AND 2,3-DIMETHYL-2-BUTENE 


IN THE CATALYTIC HYDROCONDENSA TION REACTION 


Eidus, K. V. Puzitsky, and A. P. Meshcheryakov 


The catalytic hydrocondensation of carbon monoxide with olefins has been now effected with ethylene and 
its closest homologs, the a -olefins [1], Experiments with the object of extending the reaction to 2-methylpropene 
[2] showed that this unsymmetrical dimethylethylene readily enters into hydrocondensation with carbon-monoxide, 

; and that the active part of the molecule is the unsubstituted methylene’ group. This is evident from the fact that 
oa | the ieaction products consist essentiaily of hydrocarbons having a methyl side group on the second carbon atom. 


The present investigation had the object of studying che behavior of wi- and tetra -substituted ethylenes, Le., 
2-methyl-2-butene and 2,3-dimethy]-2-butene, in the reaction of hydrocondensation with carbon monoxide. It 
is of interest to note that according to the literature [3] these two hydrocarbons do noi enter directly into the cata- 
_ lytic oxo-synthesis reaction, Le., into the reaction leading to the synthesis of alcohols from olefins, carbon mono-. 
gE. xide, and hydrogen unde: pressure. Under the conditions of this synthesis 2-methyl- and 2,3-dimethyl-2-butenes 
a 2. are first isomerized to a -olefins, which then enter into the oxo-synthesis reaction with formation of the correspond- 
ing alcohols. 


EXPERIMENTAL 


4 Synthesis of 2-Methyl-2-butene and 2,3-Dimethyl-2-Butene 


For the synthesis of 2-methyl-2-butene, we used fermentation amyl aicohol, which was dehydrated over alu- 
4 3 minum oxide at 450-500° to a mixture of 3-methyl-1-butene, 2-methyl-1-butene, and 2-methyl-2-butene, This 
a mixture of pentene isomers was treated, following Vyshnegradsky [4, 5} with dilute sulfuric acid under ice cooling. 
ar The 3-methyl-1-butene, which remained in the upper layer, was separated, and the lower layer was diluted with 

. water and hydrolyzed. The product was distilled twice, and the fraction of b.p. 37-38° was again distilled over so- 
a dium, yielding 85 ml of a fraction (2-methyl-2-butene), b.p. 37-38° at 753 mm,- The 2-methy!-2-butene obtained 
_ comprised about 45% of a original mixture of pentene isomers, and it had the following constants: b.p. 37-38* 

€ (753 mm); 42 0.6590; nd 1.3860; Found MR 24,98; Calculated MR 24.82, The literature [6, 7} gives: b.p. 38.5- 
38,6° (760 mm); d% 0.6620; 0.6596; n& 1.3869; 1.3876. 


bs We prepared 2,3-dimethyl-2-butene according to the scheme: 


(CH,),ccocH, 2» ccHonycn, =C(CH,), + HO. 


3 Pinacoly] alcohol was prepared by hydrogenation of pinacolone (b.p. 106°) in presence of a 30% Bag nickel cata- 
; . lyst [8], the initial hydrogen pressure being 80-100 atm and the temperature 160-180°. The pinacolyl alcohol ob- 
Re: tained (220 ml) was fractionated, and the fraction of b.p. 118-12C* at 757 mm (90%) was then dehydrated over an- 
R hydrous aluminum sulfate prepared by the method indicated above. 


According to the literature [9}. pinaeoly] alcohol, and also the normal product of its dehydration, 3,3-di- 
Sd methyl-1-butene, are converted in the vapor phase in presence of anhydrous aluminum sulfate at 275° into a mix- 


ture of products containing 62-63 of 2,3-dimethyl-2-butene, 33-34% of 2,3-dimethyl-1-butene, and 3.5-4.3~ 
of 3,3-dimethyl-1-butene, 
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Ftetionatien cun: Sor, the oreeuct of the de- 2. F.retionwtion curve for iz product of the de- 
hydration of aicvhol over tluuinuin sulfate, of Fracuons 1-V (Tabis 2) ov cr aluninuia sul- 
fate. 


TABLE 1 


Amount (%'by volume of 
original catalyzate) 


Fzacuon No. Boukng range (°C ). 


5.2 
9.6 
5.9 
21.6 
5.9 
31.7 
1.4 
6.7 


From 200 ml of pinacolyl alcohol dehydrated for 27 hours at 275° over anhydrous aluminum sulfate, 170 ml 
of catslyzate and 20 ral of water were obtained. The catalyzate was separated from the water, washed, dried, and 
fracuonated through a +C-plate column having a filling of single metal spirals. The volume of catalyzate taken 
for fractionation was 135 ml; the fractionation curve, obt2zinéd for a pressure of 744 mm, is given in Table 1, 


Fraction V1 (53 ml, b.p. 71-73") had the constaner¢§’ 0,7075 and n¥ 1.4128, and consisted of 2,3-dimethyl- 
2-butene: FoundMR 29, ¥ Calculated MR 29.44. For 2,3-dimethyl-2-butene the literature [6] gives: b.p. 73.2° 
at 760 mmi 0.7088; 1.4121. 


Fractions I-V were united, and 54 ml was again passed at 275° for five hours over a fresh portion (75 ml) of 
_ anhydrous aluminum sulfate, yielding 51 ml of catalyzate, which was washed, dried, and fractionated (740 mm) as 
before. The curve for the fractionation of 43 mi is given in Fig. 2. 


Two fractions were taken: Fracuon1(17 m)), boiling range 41-70", and Fraction II (22 ml), boiling range 
70-71.6". d’? 0.7086; nf 1.4120, Fraction II, which consisted of 2,3-dimethyl-2-butene (Found MR 24.53; Calcu- 
lated 24,44), was united with the corresponding fraction of the first catalyzate. In this way 75 ml of 2,3-dimethyl- 
2-buiene was obtained and was used in the experiments on hydrocondensation with carbon monoxide, It may be 


wae tha: the low plateaus on the fractionation curves in Fig. 1 and 2 ™~ p. 55-56°) correspond to 2,3-dimethyl- 
butene (the literature [6] gives b.p. 55.6°). 


Experiments on the Hydrocondensation of Carbon Monoxide 
with 2-Methyl-2-butene and 2,3-Dimethyl-2-butene 


The apparatus and procedure were the same as in the previous work on 2-methylpropene {2} The experiments 
were carried out at 190° and atmospheric pressure in a continuous-flow system. The activity of the catalyst was 
crecked beforehand in the hydrocondensation reaction of carbon monoxide with ethylene, and it was found to be high 
(yield of condensate 509 ml per cu. m at a space velocity of 100 liters/liter-hr.). 


| 
= 
4 I 40-54.5 | 0.6712 1.3881 
{| 5@5-57 | | 0.6922 1.3920 
i 57-66 | 0.6904 1.4038 
| 66-67 0.6933 j 1,402T 
v1 i 3 0.7075 | 1.4128 
Residue i - - 
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: Experiments with 2-Methyl-2-butene. 2-Methyl-2-butene 

1c eee ¢ (85 ml, i.e., 0.8 mele) was passed from the buret to the reaction 

tube, which contained 2 49-cm layer of Ca.alyst Nc. £2; a space 
velocity of 0,31 liter/liter- nr was maintained for nine hours. Si- 
taultaneously, a mixture of hydrogen and carbon monoxide was | 
passed into the catalysis tube at a space velocity of 7¢ liters/liter 
hs, the total amouziis passing being 2.6 liters of-CO and 24.5 
liters of Hy. The gas-vapor phase had the following composition 

by volume: 39, 7% 2-methyl-2-butene, 54.4 Hy, 5.9% CO, The 
liquid catalyzate obtained (75.0 ml) was dried with anhydrous 
copper suliate and 51 ml of it was fractionated at 750 mm through 
the column described above. The fractionation curve is given 1.. 
Fig. 3. 


Fig. 3. Fractionation curve for the product 
of the hydrocondensation of carbon mono- 
xide with 2-mechyl-2-butene. 


It will be seen from Fig. 3 that 93% by volume of the cata- 
lyzate distilled within the range 28-37.5°. The residue was dis- 
tilled from a Favorsky flask over the range 55-240°. The frac- 
tions taken and their properties are giver in Table 2, 


It will be seen from Fig. 3 and Table 2 that 94% of the catalyzate consisted of C, hydrocarbons. 


It would be expecied that hydrogenation of 2-methyl-2-butene would yield 2-methylbutane (b.p. 27.9°, 
a? 0.61972; 1.3539 [6]). It canbe seen from the properties of the condensate fractions obtained that Fractions 
1 and I, comprising about 33% by volume, consist of 2-methylbutane contaminated with unchanged 2-methyl-2-bu- 
tene, and Fractions Ill-IV, which comprise 60p, are’essentially 2-methyl-2-butene. Fraction V can be considered ~ 
as consisting of the products of hydrocondensation with carbon monoxide and the products of hydropolymerization, 
but it-comprises only 5.9% by volume.of the catalyzate. This fraction is mainly produced by the transformation of. 


the original 2-methyl-2-butene, since not more than 0.5 m1 of condensate can be obtained by —— from CO — 
and 4 


TABLE 2 


| Amount (% by volume of 
| original catalyzate) 


Fraction No, Boiling range (C ). 


I 28-29 0.6260 1.3635 

0 29-36 21.5 0.6342 1.3780 

36-37 23.5 0.6535 1.3832 

IV 37.0-37.5° 36.3 | 0.6585 1.3860 

v 55-240 - 5.9 | 0.6729 1.3930 
TABLE 3 


Amount (% by volume of 


Boiling range (°C ) ' origina} catalyzate) 


I 28-30 
0 48-58 1.1 ' 0.6555 { 1.3745 
Li 56 | 11.3 0.6626 1.3766 
IV | 58.5-63 19.2 10,6652 1.3794 
Vv 63-71 18.5 0.6754 1.3988 
VI | 24.0 0.7096 1.4111 
vil 80-137 11.5 0.7047 
Residue and Above 137 « 3.0 | - | - 

losses 


It may therefore be regarded as established that, under the given conditions, only 5-6 of the 2-methyl-2- | 


butene entered into the reaction of hydrocondensation with carbon monoxide, and 30-35% was cepa ae to 
2-methy!butane, 
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Experimenss with 2,3-Dimethyl-2-butene. 2,3-Di- 
methy]-2-butene (63.5 ml, i.e., 0.53 mole) was passed 
for eigh: hours from the buret to the reaction tube at a 
space velocity of 0.37 liter/liter-hr. Simultaneously a 
mixture of H, and CO (20.9 liters and 2.4 litess respec- 
tively) was passed into the catalysis tube at a space ve- 
locity of 116 liters/liter-hr. The gas-vapor phase had the 
following composition by volume: 34.0% 2,3-dimethyl- 
2-butene, 59.2% Hg, 6.8% CO. The products were 63.7 
ml of liquid condénsate and gas containing 0.1 liter CO, 
liter COyg, 5.0 liters Hy, and 3.2 liters saturated By- 
drocarbons; the gas contraction was 65%. The liquid 
catalyzate was dried over anhydrous copper sulfate, and 

a 52 ml of it was fractionated at 745 mm through the same 
column. The fractionation curve (Fig. 4) shows thar $2 
ty volume of the catalyzate distilled within the range 

' 28-81°. The residue boiling above 81° comprised Fe of 


a «ec & ® % “Oo the total; it was distilled from a Favorsky flask over the. 
3% gange 84-137°, and the further residue that then re- 
Fig. 4. Fractionation cwve for the product of: the | ‘ mained amounted te Me. ° = = 
hydrocondensation of carbon monoxide with The fractions taken and their properties are given 
2,3-dimethyl-2-butene. ; wimg: in Table 3. Fractions obtained in amount of less than 


0.5 are not given in Table 3 


It will be seen from Fig. 4 and Table 3 that the catalyzate consisted mainly of unchanged 2,3-dimethyl-2- 
butene and its hydrogenation product, 2. “pager ahdrciagpeees Fractions III and IV and mos: of Fraction I] were 2,3- 
dimethylbutane (b.p 58°, a? 0.6616, rif 1.3750 [6]). Fraction VI and muck of Fraction V consisted of unchanged 
2,3-dimethyl-2-butene. Fraction I and part of Fraction II contained Cs hydrocarbons. Fraction VII may be con- 
sidered to have resulted from hydrocondensation. This fraction, which comprised 11.5% by volume, was obtained 
from 2,3-dimethyi-2-butene, for calculation shows that not more than 1 ml of catalyzate could be obtained by 
synthesis from CO and Hy. These results show that 2,3-dimethyl-2-butene enters into hydrocondeasation with car- 
ben monoxide to the extent of only 10%; hydrogenation with formation of 2,3-dimethylbutane occurs to the extent 
of about 


SUMMARY 


i, The behavior of 2-methyl-2-butene and 2,3-dime thyl-2-butene in the reaction of hydrocondensation 
with carbon monoxide has been investigated. 


2. It has been found that 2-methyl-2-butene enters into the hydrocondensation reaction to an extent of only | 
5-6, and undergoes hydrogenation to 2-methylbutane to the extent of 39-35. ng 


3. Under the conditions of the hydrocondensation reaction, 2,3-dimethy]-2-butene is hydrogenated to 2,3-di- 
methylbutane to the extent of about 50%. About 10% of it undergoes the hydrocondensation reaction. 
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EFFECT OF COMPRESSION ON THE PROPERTIES 


OF DEHYDROGENATION AND DEHYDRATION CATALYSTS 


L. F. Vereshchagin, L. Kh. Freidlin, 1. U. Numanov and'S. G. Kulikow 


Only a few data are available in the literature concerning the behavior of catalysts that have been subjected 
to compression under high pressures [1] and the few catalysts that have been examined were of a mixed type. In 
this, as in the previous investigations [2, 2}, a study has been made of the effect of compression on simple, one-com- 
ponent catalysts, namely, zinc, ntanium, and thorium oxides, and normal calcium phosphate in the dehydrogenation 
and dehydration reactions that are cherscmsinte for these catalysts. 


EXPERIMENTAL 


Experimental Conditions 


The catalyst was placed in a tube of pure aluminum, length 50 mm, diameter 10mm. The tube was closed, 
placed in the channel of the multiplies, and subjected tea pressure of 20,000 atm, The compression procedure has 
been described in detail ix a pievious communication (23 


The compressed tube was cut along its length, and the catalyst was taken out, The reaction was on by 


the continuous-flow method with i0 ml of catalyst. The experimental conditions and results are given in the tables, 


Dehydrogenation of Isobutyl AlJcotiol over Zine Oxide 


The data in the literatwe on the catalytic selectivity of zinc oxide are conmadictory. Zinc oxide is generally 
regarded as a dehydrogenation catalyst, but Adkins [4] has suceeded in preparing samples of zinc oxide ‘having de- 
hydration properties. He explained this great change in the selectivity of this oxide catalyst by peculiarities in the 
conditions of its preparation and treatment. Agronomov [5] has studied this subject and has concluded that the vary- 
ing activity of zinc oxide samples in the dehydrogenation of isobutyl alcohol are due not to differences in the para- 
meters of the crystal lattice, but to variations in specific surface. 


Kutseva [6] found that zinc oxide, free from any promoter, selectively catalyzed the dehydrogenation of iso- 
butyl alcohol, Variation in the method of preparation of the zinc oxide and its treatment with ultraviolet radiation 
or X-rays had ne effect on its selectivity; only the addition of foreign substances affected its specificity. Accord- 


ing to these results, it was to be expected that compression also would not affect the selectivity of the action of zinc 
oxide, 


TABLE 1 
Celpeengenntion of Isobutyl Alcohol over Noncompressed and Compressed Zinc Oxide 


Temperature of ‘Volume of gas: - Composition of gas* Ch) Degree of 
Catalyst ecgetnnes CC) ‘ evolved per 1 conversion of 
ml of alcohol(ml) alcohol (%) 


Noncom pressed 20.6 
10 ml, 5.68 360 i 114.1 41.2 
380 { 196.3 1,2 79.5 
Compressea 340 1.2 33.8 
10 ml, 18.5 360 166.1 1.2 67.1 
380 240.2 1.4 97.1 

‘No saturated or unsaturated hydrocarbons were detected in the gas. 
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The zinc oxide was prepared by precipitation of a molar solution - 
of zine nitrate with a normal solution of sodium carbonate. The pre- 
cipitate was washed, molded, and heated for 10-12 hours at 350°. The 
specific surface of zinc oxide prepared in this. manner ‘should be about 
50 sq.m/g. In all experiments the space velocity was 0.28 liter/liter- 
hr. 


It will be seen from Table 1 that both compressed and noncom- 
pressed zinc oxide selectively catalyze the decomposition of isobutyl al- 
cohol in the direction of dehydrogenation, At 340° the degree of conver- 
sion of isobutyl alcohol over compressed catalyst is approximately 10 
higher than over noncompressed catalyst, and the coresponding figures 
for 360° and 380° are 45% and 24% respectively. 


Degree of conversion % 


Both of the samples of zinc oxide. were submitted to X-ray analy- 
0 sis (chromium K series \ = 2,285 A). The following results were ob- 
2% tained: 


Sample before compression =5.08A 
Sample after compression a=3.18Aande =5.11A 
Data from 1 ables : a =3,.24A andc =5,18A 


Fig. 1. Dehydrogenation of iscbutyl 
aicohcl over ZnO: 1) noncompressed; 
2) compressed. 
Afver compression, therefore, the parameters of the zinc oxide lattice 
had changed-only slightly. 


Kinetics of the Decomposition of Ethyl Alcohol over Titanium Dioxide 


As Rubinshtein ahd Kulikov [7] have shown, titanium dioxide in ihe form of anatase prefereatially catalyzes 
dehydiation, whereas the rutile form favors dehydrogenation; also, the pure forms taken separately are less active 
than a mixture of the twe. Under the temperature conditions necessary for the decomposition of alcohol, both 
modifications of titanium oxide are generally present. 


On account of the tendency of titanium dioxide to undergo polymorphic changes, it was of intérest to find 
out whether any such change could take place during compression, and so afiect its catalytic activity and specificity 
in the decomposition of ethyl alcohol, The titanium oxide was prepared from titanium tetrachloride by precipita- 
ton with dilute aqueous ammonia. 


The results obtained are given in Table 2 and Fig. 2-5. 


TABLE 2 
Decomposition of Ethyl Alcohol over Compressed and Noncompressed Titanium Dioxide. 


Tempera- Heat of 
ture of ex- - 1 ml of alcohol (ml) } dehydro- 
perument (°C ) Hy 6, ; genation 


Noncompressed: 
Vol. 109ml Wt.88¢ 


Compressed: Vol. 
10 ml, Wt. 17.5¢ 


It will be seen trom Table 2 that, apart from the products of the two main reactions (ethylene and hydrogen) 
ethane is formed also, Hence, in the calculation of the degree of conversion of alcohol in the two directions, the 
volume of ethane formed is recalculated as ethylene and hydrogen, and the values obtained are added to the analy- 
tically found volumes of ethylene and hydrogen, 


t will be seen from Table 2 and F.ig. 2 that the total degree of conversion of ethyl alcohol at 360° is the same 
over Compressed catalyst as over noncompressed catalyst. With rise in temperature the degree of conversion in pres- - 
ence of noncompressed catalyst rises from 56.9% at 360° to 76% at 400°. In presence of compressed catalyst, however, 


4 
= 
= sot 
3; 
[nation | tion ___|(cal/mole) 
360 82.5 606 ,195 | 37.0 | 56.5 
3 380 18.6 105.7 68.8 {22.7 45.5 682 1 7200 
460 "28,0 110.2 768 | 27.3 | 48.7 | 76.0 | 
‘ 
1252 46.0 1150 .423 
| 380 17.4 118.3 482 | 268 !43.0 [598 ; 7200 
d 400 ‘218 106.9 586 | 21.0 | 43.0 |64.0 
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_3 Fig. 2. Decomposition of ethyl] alco- Fig. 3. Dehydration of ethy! alco- = Fig. 4. Dehydrogenation of 
hol over 1) noncompressed; hol over T10,; 1) noncompiessed; ethyl alcohol oyer TiO,: 1) 
2) compressed. 


2) compressed. noncompressed; 2) compressed. 


there is a smallerincrease in the degree of conversion under 
these conditions: from 57.3 at 360° to 64% at 400°, 


Let us examine the way in which the rates of the three 
different. reactions vary. Over noncompressed catalys: the 
rate of the denydration of alcohol rises sharply with rise in 
teiperature, whereas over compréssed catalyst it remains con- 
stanmt.. Also, the reaction rate over the compressed sample is 
appréciably higher at 360°, somewhat lower at 380°, and con- 
siderably lower at 400° than the rate of the noncompressed 
catalyst (Fig. 3). On the other hang, dehydrogenation and hy-. 
L.y*  drogenation reactions (Fig. 4) proceed at an appreciably higher . 
T "gate over the noncomzpressed than over the compressed 
Fag. 5. Kinetic curves for the dehydrogenation of sample. 
ethyl alcohol over TiO,: ,1) noncompressed, 2) 
compressed. 


The results show that ontdineston of the catalyst has less 
effect On its activity for the dchydration of alcoho" than on us 
activity for the dehydrogenation of alcohol or hydrogenation of _ 
ethylene. The activation encrgy for the cehydrogenation reaction is the same for both titanium dioxide samples, and 
has a value of 7200 cai/mole (Fig. 5). It would appear that the reduction in rate of dehydrogenation over 2 <om- 
pressed sample (in cor.iparison-with the rate of dehydration over the sample) is associated not with change in the na- 
ture of the active centers, but with increase in the difficulty with which the products of this reaction (mainly acetal- 
dehyde) undergo desorption from the surface of the caialyst after it has beer compressed so thar the volume of the 
conveying pores has probably been reduced. 


Kinetics of the Decomposition of Ethyl Alcohol over Thorium Dioxide 


It is known that thorium dicxide is able to catalyze the decomposition of alcohols in two directions simul- 
taneously: dehydrogenation and dehydration. The method by which it is prepared: is of considerable importance. 
In To'stopyatova's experiments (8) thorium dioxide prepared by precipitation of thorium nitrate with ammonia was 
four.d to catalyze the decomposition of ethyl alcohol at 300° so that. mainly (85-S0%) dehydrogenation occurred, 
Wren the temperature was raised to 420°, the degree of dehydrogenation fell to 40-50%, and the degree of dehydra- 
tion rose from 10-12% w 40p. 


We have now studied the comparative activity of compressed and noncompressed thorium dioxide prepared by 
precipitation of thorium nitrate with ammonia. The catalyst was washed, dried at 110-120°, and then dehydrated 

for 9-10 hours at 340-350°. Alcohol was passed at a space velocity of 0.75 Mter/liter- hr hr. The results obtained are 
given in Table 3 and Fig. 6-9, 


It will be seen from Table 3 that both compressed and uon-compressed thorium dioxide samples catalyze both 
decomposition processes, and also the side process of carbon monoxide and carbon dioxide formation. The amount 
of carbon oxides in the gaseous reaction products varied from 19 to 22% for the noncompressed catalyst and from 15 
10 1 Ff for the compressed catalyst, Since this side process of carbon oxide formation occurs at almost identical rates 
on the two cztalysts at various temperatures, the kinetics of the two main processes of alcohol decomposition may 

be examined independently of the rate of the side reaction. The activity of compressed thorium dioxide (per unit 


Sd 


4 
: 
4 
ts 
a | 
| 129 


i 


Fig. €. Decomposition of ethyl alcohol over ThO,: 1) 
ompressed; 2) dehydration over 


compresses. 3) dehycrogeneuon over nencompressed; 
+) cen ydrogenztuon over compressed.* 


c 
Ss 
= | 
ge 
= 

Fit. Detydrogenation/dehydration ratio for ethyl 


over TnOQ,: 1) noncompressed; 2) compressed. 


TASLE 3 
Decompesrtien of Akonol in Presence of Noncompressed and Compressed Thorium Dioxide 
83s (%) of Elephol conver- Dehydro- .Dehyd-a- 
sureot soled CO CO, Hy Dehycro- dchydra- sionofzI- 
perimi tion g2nation ticnratio cohol(,) H 
of aleo- 
preaseé: 330 885 0.110.020.0600 45 ;133 , 30 17.8 - 
Vol it 157.6 20.01 9.8 21.2 59.0 9.7 270 2.8 36.7" 27500 .2750¢ 
Wwe 3.6 10 % 9.023.058.0' 21.3 | 53.5 2.5 94.8 
Com- 421 2.0) 6.3 17.2/67.5 j 2.7 8.5 3.3. 10.7 
pressee: 332 160.0 10.0,.6.0 21.5°62.5 8.8 | 25.6 2.9 34.4 30500 +30500 
vel 3s «312.6 10.9 6.423460.2 187 :482 1 26 66.9 - - 
c % 
~2 
oe Ss 
> 
Ye 
2s Ys 
£ 


30 38 
te 


Fig. 7. Decomposition of ethyl alcohol over ThO,: 


1) noncompressed, 2) compressed. 
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Fig. 9. Kinetic curves for the decomposition of evhyl 
alcohol over ThO,: 1) dehydrogenation over noncom- 
pressed; 2) dehydrogenation over compressed; 3) dehy- 
dration over noncompressed; 4) dehydration over com- 
pressed, 
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“TABLE 4 


Kinetics of the Dehydration of Formic Acid over Noncompressed and Compressed Normal Calcium Phosphate 


‘ 
Catal: ‘Temperature of Volume of gas ~Degne of cehy-. | Q(cal/ mole). 
expesiment (T) evolved per 1 ml dration of acid ee: 
of acid (md) 


Noncompressed: Vol, 10 


14300 | 
Compressed: Vol, 19 ml, 14 300 
wt, 12.8¢ 
Rw 
= 
sé 
| 
S wi 
Fig. 10. Decomposition of HCOOH over > “Fig. 11, Kinetic curves for the dehydration of HCOOH 
Ca3(PO,),: 1) noncompressed; 2) com- . 1) noncompressed; 2) compressed. 
pressed. 


volume) is greater than that of the noncompressed catalyst in both reactiors, dehydrogenation and dehydration (Fig. 
6). The overall rate of decomposition of alcohol is also greater for the compressed catalyst than for the nencom- 
pressed catalyst (Fig. 7). 


The ratio of the degrees of dehydrogenation and dehydration of alcohol over the range 300-359° remains al- 
most constant for both samples of thorium dioxide (Fig. 8). This indicates that compression does not affec: the se- 
lectivity in the action of the catalyst. In Fig. 9 the conformiry with the Arthenius equation is shown for the rwo 
reactions over the range 300-350°, The activation enemies of the two reactions are the same on compressed and 
noncompressed cata lyst: Cy, = 27,500 cal/mole and Q-H, = 30,000 cal/mole. . 


Kinetics of the Dehvdration of Formic acta over Normal Calcium Phosphate 


As the work of Freidlin and Levit has shown, calcium phosphate is an extremely active catalyst of exception- 
ally high selectivity for the reaction of the dehydration of formic acid [9}. Already at 276° formic acid (concen- 
tration 82%) undergoes complete conversion (the carbon monoxide content of the gas obtained is 100%). The ap- 
parent activation energy of the reaction is 15,200 cal/mole, 


In this work we again used a catalyst prepared from calcium chloride and ammonium phosphate; and we again 
used 82% formic acid. In all experiments the rate of passage of acid was 1.5 liters/liter-hr. 


As will be seen from Table 4, the catalyst fully retained its high specificity when compressed: the carbon 
monoxide content of the gas was 100», and there were no side processes. 


The results show that after compression the activity of the catalyst is redueed by a factor of 1.5-2, when ex- 
pressed in terms of unit volume, and by a factor of 3-4, when expressed in terms of unit weight (Fig. 10). The 
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apparent activation energy for the reaction is the same as that for the noncompressed catalyst, and has the value 
14,300 cal/mole (Fig. 11). Beth of the catalyst samples were investigated by X-rays {chromium K series, A = 
= 2.2854). No change in crystai strecture could i> detected. 


s UMMA RY 
1. A study has been made of the effect of compression at 20,000 atm on the properties - zine oxide, tita- 
nium dioxide, thorium dioxide, normal] calcium phosphate. in and dehydration 
terisuc for these catalysts. 


2. St tas be en shown that as a result of compression the apparent specific volume of these catalyus is mierns 


by the factors indicated: 


Zim oxide 3.3 
Titanium dioxide 2.0 
Thorium dioxide 1.5 
Calcium phosphate 2,2 


3. The selecuvities ir the action of zinc oxide un the dehydrogenation of isobutyl] alcohol and in the action 
of calcium phosphate in the dehydration of formic acid were fully retained after compression. In the case of thor- 
ium dioxide also, compression had no effect on the relative rates of the two courses of the decomposition of ethyl 
alcohol, On the other hand, in presence of compressed titanium dioxide the ratio of the degree of dehydrogenation 
of alcohol to us degree of dehydration is lower than in presence of the noncompressed sample. It is probable thar 
the change in the specificity of titanium dioxide due to compression is associated with change in its porosity charat- 
terisucs and with the — with which the dehydrogenation product (acetaldehyde) is desorbe * from the cata- 


lyst. 
+. inal cases the activation energy of the reaction is the same, whether the catalyst is compressed or not. 


5. The activities of the investigated catalysts were aJtered in various ways by compression. The activity . 
per wut weight was reduced for all catalysts apart from thorium dioxide, but the activity per unit volume rose for 
all catalysts except calcium phosphate, the activity of which was halved. 


6. None of the investigated catalysts underwent any change in crystal structure when compressed, 
1 am gtatefukao A. M, Rubinshtein for the X-ray analysis of the catalysts. 


Institute of Organic Chemistry 
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STABILIZATION OF a-HALO ETHERS 


M,. F. Shostakovsky and A. V. Bogdanova 


The high reactivity of usc @ -halo ethers of general formula CHy —CH Hal — OR(R = Alk os Ar), which have: 
been previously synthesized and investigated by us [1, 2, 5] is being made use of to an increasing extemt in the 
synthesis and investigation of various vinyl ether derivatives. A serious obstacle w the wider application of these 
compounds is their extreme instability in comparison with alxy] halomethy] ethers of formula CH,Hal — OA lk [4} 


i 
Experiments with many. of these ethers have shown that decomposition of the initially pure ether sets in al- 4 
ready after thrce hours in 2 sealed tbe; after three weeks decomposition is complete. On this account we have 3 
carried out experiments on the stabilization of a ~halo ethers, and, as a result, ‘we have discovered conditions unde: ; 
which they may be kept for a-long time. By use of this method of preservation it is ne ager necessary to use all : 
ofa synthesized sample of a -haie cexhies immiediatcly; ir may be used a little at a time ina series of experimens. | 
| 


a-Halo ethers can be readily preserved in the pure state at beleir O°, bur this method is inconvenient in 
practice, so that the most satisfactory method of preservation would appear to be one in which selveat stabilizers es 
are used. The properties and reactions of ¢ -halo ethers show [2, 3) thar the bromo compounds are the least stable, <a 
and we therefore carried out most of ow experimenis on the selection of a solvent (stabilizer) with these ethers, on 
the assumption that a stabilizer suitable for a -bromo ethers would undoubtedly be suitable also for a -chloro ethers, 


It has been noted previously [5] that the keeping of pure 1-bromoethy! butyl ether in diffused light at room , 
temperature for three weeks is accompanied by its complete decomposition into buty] bromide and water, This 
decomposition of 1-hromeethy! butyl ether at room temperature ir diffused Light begins already after three hours, 

’ Our experiments have shown that an addition of only 15-26% of diethy] ether tw 1- ~bromeethy! butyl ether enables 
it to be preserved at room temperature for two months or more. 


i~<Ghiomwethyl ethy) ether with an addition of 25% of diethy) ether, was preserved in a sealed tube at 
room temperature for four years. It is intereszing that, when the contens of the tube were distilled, apart from 1- 
chlorethyl ethyl] ether, high-boiling products were isolated that were not only a -substituted, but also 6 -substituted, 
It may be supposed that acetal formation occurred, accompanied by the replacement of § -hydrogen atoms by chlo- 
rine atoms in a manner similar to the successive entry of chlorine into the a- and 6 -pesitions in the diethy] ether 
molecule {7,-8] Satisfactory results were obtained also by the use of benzene and dioxane as solvent stabilizers: 
the keeping life of 1-bromoethyl bury! ether at room terpcratwe in presence of 20% of these substancés was more 
than one month. 


a -Halo ethers are particularly sensitive to reaction at elevated temperatures [5, 6): It has been shown [5] 
that heating of pure 1-bromoethy! butyl ether at 80-100° is accompanied by irs complete decomposition, when it 
gives butyl bromide in 97.1% yield. Since most of the syntheses with a -halo ethers are carried out at elevated tem- 
peratures, ir was of particular interest to find the cgnditions for the stabilization of a -halo ethers at such tempera- 
tures, By the use of the proposed solvent stabilizers i? was found pessible to preserve a -bromo ethers for more than 
one and a half months, The experiments showed that for the stabilization of a -halo ethers at elevated temperatures 
greater amounts of solvent stabilizer were required, as compared with that required at room temperature. 


EXPERIMENTAL 
The a--halo ethers used had the constants given in Table 1 


The foliowing solvents were examined as stabilizers: dioxane, peuoleum ether, benzege, diethyl ether, 
These substances were used in the absolute form. The change in the color of the soluzion of a -halo ether served as 
an outward sign of decomposition. By way of example we now cite a few experimens on the stabilization of a - 
halo ethers, 
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TABLE 1 
Constants of a -H2lo Ethers 


Ethet . B.p. in T (p in ™m Hg) 


1~Chlomwethyl ethylether .........-. 34-35 (64) 
1-Bromeethyl ethyl ether. 40-41 (42) 
)-Bromoethyl butyl ether ........... 51-58 (10) 


; 1. Stabilization of 1-Bromoethyl Butyl Ether at Room Temperature. 1-Bromoethy] butyl ether (3 g) and 0.5 
= (17s %) of the solvent stabilizer were sealed in a 10-ml tube. The tube was kept in diffused light at room tem- 
perature. The change in the color of the solution with time will be seen from Table 2. 


TABLE 2 
Chaage in the Can of Soluiions of 1-Bromoethy! Buty] Ether kept at Room Teinperature 


Tube No, Solvent stabilizer : Time of keep 


Pink 
Dioxane ; Faintly pink 
Diethyl ether . Colarless 


The contenzs of the tubes were vacuuri-distilled, and yielded: Tube No. 3, 2.8 g of 1-bromoethyl buryl 
ether, b.p, 59-60°(12 mm); mf 1.4480; d¥ 1.2682. Each of Tube No. 1 and No. 2, 2.5 g of 1-bromoethyl butyl 
ether having the same constants as the starting material. 


- 


2. Stabilization of 1-Bromoethyl Butyl Ether at 60°. In each 10-m) tube, 3g of 1-bromoethy) bury! ether 
and 3g of solvent stabilizer were sealed, and the tubes were kept in diffused light at room temperature for two 
weeks, and were then placed in a thermostat and left there at 60° fer five weeks. After the two weeks in diffused 


light at room temperature, all of the solutions remained colorless, and changes in color occurred only during storage 
at 6G*, as shown in Table 3, : 


TABLE 3 
’ Change in the Color of Solutions of 3 Sesenbethat Butyl Ether kept at 60°, 


Tube No. | Solvent stabilizer Time of keeping 


Benzene Slightly colored Dark-colored . Black 
Dioxane Slightly colored Dark-colored Black 
Diethy] ether Colorless } Colorless Dark-colored 


The contents of the tubes were vacuum- -fractionated, and yielded: Tube No. 3, 2.7 g of 1-bromoethyl butyl 


ether, b.p. 70-71.5°(22 mm), nb 1.4478; d%? 1.2083, Tubes No. 1 and 2, 2.2 g and 2.5 respectively of 1-bromo- 
ethyl butyl ether having - same constants as the starting material, 


3. Stabilization of 1-Bromoethyl Ethyl Ether at Room Temperature. A mixture cf 3g of 1-bromoethy] ethyl 
ether and 0.5 g (17%) of solvent stabilizer was sealed in each tube, and the tubes were kept at room temperature in 
diffused light. The changes of color with time are indicated in Table 4, 


TABLE 4 
Change in Color of Solutions of 1-Bromoethy] Ethyl Ether kept at Room Temperature 


Solvent stabilizer et Time of keeping 
4 weeks 


Dioxane | Colorless Dark-colored 
Petroleum ether Pink Dark-colored 
Benzene Yellow Dark-colored 
Diethy] ether Colorless Slightly pink 


4 
1.4040 ° | 0.9493 
= 1.4465 1.2770 
1.4485 1.2086 
ths 
1 Brown 
2 Brown ; 
3 3 Colorless 
1 day 4weeks : 5 weeks 
1 
3 
Tube No. | 
2 
3 3 H 
— | 
134 


The coarents of the tubes were vacuum-fractionated, and yielded:: Each of Tubes 1, 2, and 3, 2.5 g of 1-bro- 


n2 moethyl ethyl ether.. Tube 4, 2.8 g of the ether. The constants of all of the samples of 1-bromoethyl ethyl ether 


recovered were identical with those of the starting material. 


4. Stabilization of 1-Chloroethyl Ethyl Ether at Room Temperature, A mixture of 20 g of 1-chlorcethy! ethy! 
ether and 5 ml (25%) of diethyl ether was sealed in a tube and kept at room temperature in diffused light. The tube 
was kept in the laboratory from November 29, 1948, to August 29, 1952. The contents became darker in color, but 
BO precipitate formed, Vacuum fractionation yielded 7.5 g (38%) of 1-chloroethy) ethy] ethe:, b.p, 20-31.5 °(61 : 
mm); n® 1.4040; 4% 0.9492, The higher -boiling fractions yielded 6.2 g of a product having the following constants: 


b.p. 71-72°(17 mm); 14320; a5 1.0432; Found MR 37,95; Calculated for acetaldehyde chlorcethy] ethyl acetal 
MR 38,05 


Found M: 161.0, 163,8 
ChHyOCL.  EalculatedM: 152.62 


Total Cl content (combustion) 29.65— . 
Cl” content ( titration) 11.9 % 

H* content (titration with 0.1 N NaOH) 0.355% 
H* content (Calculated from Cl” content) 0.338% 


This product was treated with dilute caustic soda, washed with water until neutral, and extracted with ben- 
zene. The extract was dried over CaCl, and the 2 egress was distilled off. Vacuum distillation of the residue 
yielded a fraction of b.p, 66-67° at 22 mm and a5 1.4273, This substance ‘did not have a sharp odor a’ gave no 
precipitate with silver nitrate, but iz gave a positive Beilstein test ee halogen,” The’ chlorine content of this frac- 
tion (py combustion) was 17.68. 

Owing w the small ariount of the substance isolated, it was « wigs impossible to investigate it in 
greawr detaii, but the results obtainéd permit us to Suppose that it consisted of a mixture of the 1- and 2-chloro- 
ethy! ethyl acetals oi acetaldehyde. 


~ 


SUMMA RY 


1. The conditions have been determined for the stabilization of a shale ethers, sO enabling them to be kept 
both at room and at elevated temperature. 


2. An addition of 15-20% of diethyl ether to an a -halo ether stabilizes it at room temperature for a period 


cf from tyo months to four years, Addition Of 50% of diethyl ether enables a -halo ethers to be kept for two months 
at elevated temperatures, 
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REACTIONS BETWEEN VINYL COMPOUNDS AND MULTIFUNCTIONAL COMPOUNDS 
COMMUNICATION 1, REACTIONS OF ALKYL VINYL ETHERS WITH GLYCEROL » 


M. F. Shostakovsky, V. V. Zhebrovsky, and M. A. Medelyanovskaya 


This communication is ihe first of & series on ow investigations on the reactions between various viny] com- 
pounds of general formula CHy = CH— R(R may be OAlk, OR, OCOR, Hal, SR, NRg, etc.) and various multifunction- 
al com pounds containing hydroxyl, carboxyl, and othey functional groups. 


The reactions between vinyl ethers and substances containing various functional groups provide a valuable 
method for the synthesis of a number of new compounds. 


The cowse of the reaction between vinyl ethers and alkohols, phenols, aCiuS, OF othe: amalogou compounds 
may be represented as follows: 


CH, =CH-OR+HOR' —* CH;-CH , 


Ry 


(R and R, may be alkyl, aryl, acyl, etc.). 


These reactions are of interest not only from the oni of view of indean, but also for the study of the pro- 
perties and reactions of the original vinyl ethers and compounds containing 2 mobile hydrogen Some considerable 


investigation has been made into the course of the reactions of alkyl vinyl ethers with monobydric alcobols having 
primary or secondary hydroxy) groups, 


An investigation of the conditions under which polyhydric alcohols add to alkyl vinyl cthers was of particu- 
lar interest, It is known from previous investigations by Shostakovsky and coworkers [1, 2, 3] that the addition pmd+ 
ucts formed by monohydric alcohols with alkyl vinyl ethers are acetals of the following structures: 


OR 
and .CHy—CH 


The structure > (1) ani disproportionation (2) of the acetals can be illustrated by the following schemes: 


jOR 
du CH; =CH- 


O-R 
‘o 
H 


OR R 

4 

CH —> CHy-CH = +CH;— (2) 
OR, OR . OR, 


The tautomerism of acetals results from the mobilities of hydrogen atoms, both the hydrogen of the methyl 
of the aldehyde residue and the hydrogen of the hydroxy] of the alcohol, An interesting pr case is presented. 
by mixed acetals containing both an alkoxyl and an aryloxyl radical: 

‘oar 4 


a 


| 


Here equilibrium ts greatly displaced to the rigat, owing to the fact that phenols contain hydrogen of gieater mobil- 
“ity, Dialayl acetals (in which the alky!s may be the same or different) also emst in two tautomeric forms: 


OA lk 
4 
CH,-CH CH, =CH- 
Alk 


Alk; 


o- 
H-OAk 


Dat in tus case the point of equilbnum is different, being in the direction of the classical acetal structure, 


Parti ular interest is presented by the synthesis and reactions of acetals in which one alcohol residue is de- 
rived from a polynydric ‘aicohel, such as glycerol. When ethyl vinyl or ethyl butyl ether. reacts with glycerol (equi- 
molecular ratjo ef reactants), the fust reaction should be as idtlows: : 


OR 

CH, —> CH,-CH 
H,CHOHCH,OH 

(Ris C or The resulting acetal may behave in twe-different ways, i.e., either undergo disproportionation 

according w the scheme: 


CHO -C—OR 
CH, OR 
— > + CHOP CH; HOCH 
CHOH . OR CH,OH HOCH, 
O: unde go cyclization according to schemes (a) or (b): 


CH,O 
CHCHs 


CHCH —> CHO 
OCH, — CH OH CH,OH CH,OH 


+ HOR 


CHEE CHOH CHCHy (b) 
OCH;CH OH CH,OH CHO +HOR 


lt was found that in practice the rate of cyclization is greater than that of disproportionation. Ow main prod - 
ucts in the reaction of ethyl vinyl ether with glycerol were the 1,2 and 1,3 cyclic acetals of glycerol (which we 
shail reter to as 1,2- and 1,3-O-ethylideneglycerol respectively) and ethanol, only very small amounts of acetal- 
cehyde w.ct!* acetal being obtained. In the reaction of butyl vinyl ether with glycerol, 1,2- Qethylideneglycerol 
and butyl alcohol were isolated. The formation of on'y 1,2-Oethylideneglycerol is evidently to be a by * 
€ lowe: mobility of the alcohol radical of butyl vinyl ether. 


The mechanism of the formation of mixed acetals of ethyl. alcoho] and glycerol can be represented as follows: 
CHy~ CH-OR CH, =CH—OR 
CH,-CHOH-CHOH HOCH,—CHOH -CH,OH 
This 1s if its essence tautomerism, It is to be expected that the hydrogen bond will be formed at the expense of the 
more mobile hydrogen of one of the glycerol hydroxy] groups. 


in the present investigation we have obtained twice as much 1,2-O-ethylideneglycerol as 1,3-O-ethylidene- 
2'ycerol. Ths difference may result from the fact that, owing to its —— proximity, the hydrogen of the 2-hydroxyl 


| 

138 


group is the first to react, and is followed by the hydrogen of the 1-hydroxyl, These considerations relating to the 
displacement of alkoxyl groups from mixed acetals by free hydroxyls of ee are fully in accord with previous 
investigations of one of us and coworkers [41 


Nieuwland and coworkers [5, €] have obteined 1,2- and 1,3-O-ethylideneg)ycerols by the reaction of sly- 
cerol with acetylene in presence of HgO and BFy 


CH 


CHH CHCH, CH 
2CHOH + 2CH==SCH—> CH + CHOH 
CHO 


Shostakovsky and Gracheva [7] have prepered the same acetals by the cyclization of glycerol monovinyl 
ether under the action of heat and taces of mineral acid: . 


CH,OH CHO, CHD, 
H-OH and CHOH CH-CH, 

CH, OCH =CH, CHOH CHO 


In the present work we have shown that mxymmetrical mixed acetals contzining alkoxy] gcoups and free 
hydroxyls derived from glycerol undergo cyclizatica as a result of interaction between the alkoxyl group and one 
of the hydroxyls of the glycerol, an alcohol being eliminated and the corresponding cyclic acetal formed, The 
separation of the resulting isomeric acetals was effected by the aid of benzoy lation, the compounds 


CHO 
‘CHCH, 

CHOCOC gi, dup 


being isolated; rheir hydrolysis products correspoeded in constarts to 1,2- and 1,3-O-ethylideneglycerols.. 


EXPERIMENTAL 5 

Starting Materials: aikyl. vieyt ethess were prepared by Favorsky and method; ethyl 

vinyl ether, b.p. 35-36°; nd 1.1533; vinyl ether, b.p. $2- 93°; 1.4030; a? 0.7795; 
had b.p, 164-172° (8-14 mm); nb 1.4728; . 


Reaction of Ethyl Vinyl Ether with Gtycero! 


A mixture of 14.4 g (0.2 mole) of ethyl wiry] ether and 18.4 g (0.2 mole) of glycerol was placed in a three- 
necked flask fitted with mercury-seaied stimer, comJemser, 2nd thermometer, It was then stirred for 30 minutes, 
when one drop (0.014 g of HC1) of catalyst was acéded_ In the course of 30 minutes the temperature gradually rose 
from 23° to 35°, and then rose sharpl) w 76.5°_ The reaction yielded 31.9 g of product. 


The reaction mixture was neutralized with potassium carbonate and distilled from a Favorsky flask. From 
29.03 g the following fractions were obtained 


Frection I b.p. 76-77°; 
Fractien b.p. 76-93°(11-12 mm); 17.8, 
Residue 3.4g 


a) Investigation of Fraction The fractioz smelled of acetal, but reacted vigorously with sodium. Agulhon's 


qualitative test [8] on a trial sample gsve a colec, 2lmost the same in intensity as thar obtained in a parallel test 


on pure ethyl alcohol. The constants of the fraction (Ss 1.3660 and a? 1.7980) and qualtative tests all indicated 


that Fraction I consisted ¢ssentially of ethy) alcohol containing some acetaldehyde diethyl acetal, the separation of 
which did not appear to be possible. For ethyl alcoho! the literature gives nb 1.361 and a? 0.789, The yield 
of the fraction, regarded as ethyl alcohol, was $2. 5%, 


- 
~ 
- 
S - 
. 
: 
° 
5 
k 
q 
- 
‘<4 
> 
4 
2 : 139 
4 


b)_Invesugation of Fraction Fraction Il had the following constants: nfy 1.4448; 1.1260. A second 
tractionation under rec ed pressure did not give any clear resolution of the product. It was found w contain free 
hydroxyl groups. 


= onder to resolve Fraction il it was benzoylated. A mixture of the fraction (15 g: dried with potassium car- 
benate) with 36 g of pyridine (dehydrated and distilled over BaOQ; b.p. 114-115*) was placed in a flask which was 
closed with a stopper carrying a dropping funnel protected by a calcium chloride tube. Freshly distilled benzoyl 
«hlonde (15 g; b.p. 75-76° at 10-11 mm) was 4dded slowly from the dropping funnel with shaking Reaction was 
accompanied by evolution of much heat. After 30 minutes the mixture was poured inwo 306 ml of distilled water, 
and the oily product was extracted with ether. The ether extract was washed successively with 5 KOH, Fe H3SO, 
and water (unul neutral), and was then diied with calcined potassium carbonate. The ether was driver off, and the 


‘oil that remained behind was heated at 100° in a vacuum to remove traces of pyridire, To this mixture of benzox - 


esters 30 ml of gasoline (b.p. 50-60°) was added, and the solution was cooled to—12°, The crystals that were ther. 
precipitated weie filtered off through a cooled funnel, and the liquid benzoic ester remaining afte: removal of 
gasoline was vac uum-distilled. In this way 5.9 g of crystalline benzoic ester and 11.36 g of liquid bexzoic ester 
wcie obtained, the tozal yield of benzox esters being 17.26 g (6%). 


<) Characterization of the Benzoic Esters. After recrys stdilization from gasoline the crystalline benzoic ester 
melted at 85°. For the benzoic ester of 1,3-OQ-ethylideneglycerol the literature [6] gives m.p. 86°. 


Found: M 224.1 
Calculated: M 222° 


Found: C 64,54; 64.76; H 6.48; 6.46. 
Calculated %: C 64.83; 


After a second treatment one the liquid benzoie ester had the following 


b.p. 161-162°(9-10 mm): 1,1558 and 1.5140. The literatwe (8) gives b.p. 163- -164° (11-12 mm): 1.5145; 
a> 1.1618. 


Found: M 220 
C Calculated: M 222 


Found %: © 65,87; 64.63: H 6,41: 6.46 
Cy, 14 Calculated C 64.83; H6.31 


Preparation of 1,3-C-Ethylideneglycerol by Hycrolys:s of its Benzoic Ester - 


The crystalline 1,3- Gethylidenegiycerol benzoic ester (2.2 g; m.p. 85°) was heated and stired with 15 ml of 
®& XOH until solution was complete. To the cicar cooled solution 8 g of calcined potassium carbonate was added, 
aia it was then subjected to repeated extraction with ether. The ether extract was dried with u>*.:ned potessium 


' carbonate, and the ether was distilled off, yieiding 0.41 g (29%) of product, b.p. 66-68° (12-12 ay: 2B ITN 


1.45358. For 1,3-O-ethylideneglycerol the literature [6} gives b.p. 52° (2 mm); 1.4532. 


Found %: C 50.81; 50.95; H 8.81; 8.77 
CsHyOs. Calculated %: C 50,84; H 2.47 


Preparation of 1,2-0-Ethylideneglycerol by Hydrolysis of its Benzoic Ester 


The liquid etehengipcee (8.06 g), treated in a similar way, yielded 1.74 g (43%) of a product of b.p. 


83-85° (11-12 mm); n 5 1. 4436. For 1,2-O-ethylideneglycerol the literature [6] gives b.p. 68-70° (1 mm); 
1.4415; 1, 1248 


Found %: C 50.34; 50.14; H 8.61; 8.51 
CsHyOs. Calculated %: C 50,84 H 8.47 


When 3 moles of ethyl vinyl ether reacted with 1 mole of glycerol, no 1,2- or 1,3-O-ethylideneglycerol was 


isolated. The reaction products were ethyl alcohol, acetaldehyde diethyl acetal, and bisethylideneglyceroL Study 
of these reaction products continues, 


Reaction of Butyl Vinyl Ether with Glycerol 


A mixture of 25.04 g (0.25 mole) of butyl vinyl ether and 23 g (C.25 mole) of glycerol was stitred as in the 
previous experiment for 30 minutes, Catalyst was added (3 drops, i.e., 0.042 g, of HC]), but no rise of teraperature 


Tac molecular weight was Zeter..ined by the Rest-Munster method. 


tar 


| 


was observed after one how; the mixture was, therefore, hezted to 50°. After 30 minutes at 50° rise in temperature 
_was observed, 61° being attained in five minutes in absence of applied heat. The emulsion fermed by the reactants 
was converted inte a homogeneous clear solution, and when th‘s occ-ured epee was an immediaie fall in temperature 
by 5° (to 56°). The reaction yielded 47.72 g of product. 


The reaction product was neutralized with potassium carbonses and distilled from a Favorsky flask, when 45 g 
yielded the following fractions: 


Fraction 1, b.p. 113-114"; 16.9 g; 1.4120 


Fraction ll, b.p. $5-103°;{23-25mm): 23.01 g: 1.4368 
Fraction III, Residue 3.138: 2.4755 


a) Investigation of Fraction 1. I with sodium: ‘Redistillation yielded 11. 87 
(64.27) of a product of b.p. 116-117°; nf 1.4030; az? 0.8232, having the characteristic odor of alcohol.” 
Agulhon’s test [8] was positive for alcohol For buty] alcohol the literate gives b.p. 137. C.810; nfy 1.3993.. 


b) Investigation of Fraction I. Fraction Il, boiling range 95-103° at 23- 25 mm, ze 1.4368, was benzolated 
20 g of the fraction being added to a mixture of 48 g of pyridine and 24 g of benzoyl chloride. When treated as 
described above (cooling of a solution of the benzoic ester in 50 mlof gasoline), no precipitate of a crystalline pro- 
duct was obtained. Vacuum fractionation after removal of gasoline yielded: 


Fraction I, b.p. 100-152°(12 mm); 8.16 g; nB 1.5972 
Fraction Il, b.p 160-161°(12 mm); 29.98 g; a) 1,5152 
Fraction I, Res. ae 2.12 g: nfy-1.5268 
Ferctio.. | wrs redistiled on yielded 2 Trocuct Leiling at 906-115°(10-1) 1,5582,. whieh pared 


to be Sutyl benzoate, Redistillatien of Frocticz yielded > precuct ¢f 159- 160°(10 ain); 1, S240; 1.1617, 
corm~.ponding in coustants to the benzoic ester of I,2-O-ethylideneglycerol. 


Found %: C 64,98; 65.15: H 6.39; 6.48 
Calculated». H 6.31 


to 1.2-O-cthylidune Fro 7.50 ¢ of -nzoid ester taken for hydrolysis, 3.09 (77.35. ) of 
elyc.10] was obtained, 


-SUMMARY 


ces ef chloriic, the Lcing taken in equimolecular proportions. The main reac- 
tion products were 1,2- and 1 3-O-ethylidineglycerol from ethyl vinyl ether and 1,2-O-ethylideneglycero] from 
The formation of 1,2~- and 1,3-D-ethylideneglycerols from: «th: viry! evier and clyccrol, and 
ass0 01 -ctaw.ideneglycerol from Sutyl vinyl ether evidently J2 vit fer ction of the cor- 
nixed acetal, which then uaidergoes cyciization. 
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BRIEF COMMUNICATIONS 


SYNTHESIS OF 1-METHYL-3-PROPYLCYCLOBUTANE - 


B.A. Kazansky and M. Yu. Lukina. 


-Methyl-3-propylcyclobutane was synthesized by the method that we have used previously for 1,3-dimethys 
and 1-ethyl-3-methyl-cyclobutane [1, 2] It was obtained. as a mixture of geometric isomers and was distilled 
through a 60-plate column. The two fractions, b.p. 116.1-116.3° and 118.5-118.7° (760 mm), consisted respectively 
of the trans and cis forms, neither being completely free from the other stereoisomer owing to the closeness of their 
boiling points, The results given in this note reiating te their constants are therefore of a tentative character. 


EXPERIMENTAL 


Ethyl 3-methylcyclobutyl ketone, prepared from 3-methylicyclobutanecarboxylic acid and propionic “ by ee. 
ae procedure described in previous papers [1, 2] had the following constann: b. p. ‘164-1 70° (753.0 mm); nD 1, 4332; 


d?’ 0.8757; found MR 37.44; calculated for CyHyO MR 36.95; € MR 0.49. | ee 
Found %: C 75.88; 75,82; H 11.18; 11,10 
CyHyO. Calculated C 76.11; H 11,19 


The. se¢micarbazone of ethyl 3-methyicye lobutyl ketone was prepared by Zelinsky’ s method and was re- . 
crystallized from aqueoas methanol. After four recrystallizations it melted at 


Found %: N 22.75; 22.75 
Calculated %: N 23.03 


A mixture of 32 g (0.5 mole) of 85% hydrazine hydrate and 30 ml ef alcohol was added slowly with stirring to 
a solution of 31.5 g (0.25 mole) of ethy] 3-methylcyclobuty! ketone in 35 ml of redistilied ethy) alcohol, The mix- 
ture was boiled for four hours under refiux. The alcohol and excess of hydrazine hydrate were distilled off (oil bath), 
the bath temperature being above 140°, The reaction mass was cooled, and a small amount of solid caustic soda 
was added, the water layc- being then removed ‘in a separating funnel. The hydrazone, carefully dried with caustic 
potash, boiled at 104-110° at 115mm. The decomposition was carried out as usu2]-in a Favorsky flask, attached 
through a condenser to a receiver and well cooled trap in the form of a coil. For the decomposition caustic potash 
fused in a silver dish was used; no piatinum catalyst was added to the alkali in this work. 


The mixture of hydrocarbon and unchanged hydrazone was again subjected two the decomposition treatment 
over a fresh portion of fused caustic alkali. The hydrecarbon was then washed successively with water, 50% acetic 
acid, 50% sulfuric acid, water, 25% caustic soda, and again water. The yield of hydrocarbon (dried with fused cal- 
cium chjoride) was 16.0 g (57.1% on the ketone). In three experiments 33,7 g of hydrocarbon was obiained altogether, 


The product, a mixture of cis and trans isomers, was distilled through a 60-plate column, The amount taken 4 
was 33.7 ¢ (45 ml), and when 34.6 ml had been distilled over, 10 ri] of redistilled decahydronaphthalene was added, 
thus enabling the higher-boiling isomer to be brought over. Distillation was at a reflux number of 50. Cuts of range 
116,1-116.3° and 118.5-118.7° were taken, together with intermediate cuts, On the basis of the Auwers-Skita mle 
[4, 5] we assumed that che fraction of b.p. 116.1-116.3° corresponded to the trans form, and the fraction of b.p. 
118.5-118.7° to the cis form of 1-methyl-3-propylcyclobutane, The eee of the stereoisomers are as follows: * mueaie a 


b.p. 116.1-116.3° (760 4088; 0.7370; found MR 37.60; 
calculated for CgHy MR 36.94; € MR 0.66; aniline point 60.4° 


Found %: C 85.43; 85.50; H 14.38; 14.48 
CaHy. Cakyjlaied %: C 85.61; H 14.39 


cis-1-Methyl-3-propylcyclobutane: b.p. 118,5-118.7°(760 mm); nf 1.4128; 0.7453; found MR 37.49; 
calculated for CgHyg MR 36.94; MR 0.55; aniline point 57.2°. 
Found C 85.51; 85,30; H 14.57; 14,70 
CyHy. Calculated %: C 85.61; H 14.39 
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SUMMARY 
1, 1-Metnyl-S-propylcyckcdutaae has peea prepared for the first time, 
2. Some new disubstituted cyclobutanes have been prepared and characterized. 
Received November 13, 1953 
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SYNTHESIS AND REACTIONS OF UNSATURATED ORGA NOSILICON COMPOUNDS 


COMMUNICATION 1, SYNTHESIS OF VINYLCHLOROSILA NES BY THE DIRECT METHOD 


M. F. Shostakovsky and D. A. Kochkin 


Unsaturated omganosilicon compounds are of great theoretical interest and form a rich source for a great 
variety of syntheses, In this communication we describe conditions for the synthesis of vinylhalosilanes of general 
formula (CH, = CH) n>iX4-n- in which Xisa halogen (chlorine, bromine, fluorine), The example we have taken 
for study is the syathests of vinylchlorosilanes. Until now the study of the synthesis of compounds of this type has 
been inadequate. ’ References io methods for the prepsration of unsaturated organosilicon compounds ; 
are mainly concerned with methods for their preparation with the aid of organomagnesium.compounds [1-4, 6} - 


Attempts to prepare a by. direct synthesis from vinyl chlorice and mets!lic silicon have not been 
successful [5}. 


Several variants are possible in the direct method for the preparation of vinylchlorosilanes, and we simplest: 
of these appears to be the reaction of vinyl chloride with metailic silicon. 


We have investigated the conditions for the direct synthesis of vinylchlorbsilanes from viny! chloride and ; 
copper-silicon alloys, In the course of these investigations we established the possibility of obtaining viny!chloro- 7 
silanes by passage of vinyl chloride over a copper-silicon alloy (20: 80) at 350-400°, The scheme of reactions can 
be represented by the following equations: 


+ Si—> SiC, + + (1) 
+ CH,=CHSIC], + aC + Sta. (2) 
2CH,=CHC] + Si —> (3) 
+ 2Si—> CH,=CHSiHC], + CH,=CHSiH,C] + 2C. 


Reaction proceeds with preferertia! formation of trichlorovinylsilane and dichlorodivinylsilane in 35% yield. 
Among undesirable side reactions we may note the formation of silicon tewachloride and < considerable amount of 


charcoal, resulting in great losses of viny] chloride. Reaction proceeds with evolution of much heat;.it is not very 
smooth, 


EXPERIMENTAL 


Copper-silicon alloy (20: 80; 1.5 kg) in the form of 10-15-inm pieces was loaded into an iron tube, diameter 
50 mm and length 1000 mm, fitted with two metal tubes for thermometer and wire stirrer. The loaded tube was 
placed in an electrically heated tubular muffie and heated to 350-400°, In order to dry out the alloy, dry nitrogen 
was passed at that temperature for 50 minutes at 1.0 liter per minute, V-inyl chloride was then passed at 0.2 liter 
per minute, As the synthesis proceeded, an irregular distribution of temperature in the contact mass was observed; 
this behavior was a result of the highly exothermic nature of the reaction, and it led to coke formation at various 
places in the reaction tube. In order to prevent excessive coking, it was necessary to stir, The reaction was con- 
tinued for 80 hours, 480 liters of vinyl chloride being passed. The products of the synthesis (750 g) contained 10.5- 
71.0% of chloride ion; they contained 45-48% of trichlorovinylsilane and dichlorodivinylsilane. The crude products 


of the synthesis were fractionated through a rwo-meter columa, diameter 18 mm and having a porcelain filling. The 
following main fractions were obtained: 


Fraction L, b.p. 56-60°, yield 30.5% 
Fraction Il, b.p. 90-94°, yield 32.5% 
Fraction IIL, b.p. 116-120°, yield $.3% 


Fraction II, b.p, 90-94°, was refractionated, and a fraction of b.p, 92.5-94.0°(752 mm); a? 1.2650, was collected. 
It analyzed as follows: 


Found %: Si 17,60; C1 65.03 
CH5SiCl,. Calculated: Si 17.37; C1 65.89 
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The molecular weight, determined cryoscopically in benzene, was 162.73; calculated for C,H,SiCl, 161.58. These 
tesults correspond to trichlorovinylsilane [7] The yieic of trichlorovinylsilane was 20,3) on the vinyl chloride taken, 


Fraction Dl, b.p. 116-120°, was refracnonated, and a fractiou of b.p. 218- “as (154 mm); az* 1.0813 was 
collected - It analyzed as follows: Lae et 
Found %: ‘$i 17.83; C147.00 
Sil, Calculated %: Si 18.34; C1 45.30 


These 1esults show that the fraction of b.p. 118-119° as essentially dichlorodivinylsilane i7l the properties and 
yield of which we are now studying. 


Rece:ved November 12, 1953 Be : Institute of Organic Chemistry of 
; the USSR Academy of Sciences 
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Discuss SiON. 


EXPERIMENTA L DETERMINATION OF ELECTRON DENSITY IN CRYSTALS” 


N. V. 


theory of the structure of substances, The development of this theory is possible only by the accumulation of ex- 
perimenta) facts on the basis of which the fundamental principles of theory can be developed. The theoretical 
Principles so created at the same time require experimema] verification and confirmation, 


It will be seen from this that the development of experimental methods for the determination of the nature 
of the chemical! bond in crystalline substances is of the highest importance, One: of these methods is the determina- - 
tion of electron density. It would have been expected that this method would have drawn the attention of. ‘specialists 

.- and would have been developed in detail so that it might be used for the solution of problems concerning the nature 
of the chemical bond in crystalline substanc<s, Actually, nowever, this method has been recently subjected to un- 
merited atacks, without being examined in a proper critical manner, 


. History of the Subject 


We shall discuss briefly the history of the experimental determination of electron densiry. The method was 4 
furst proposed by Bragg [1] in 1915 for the solution of questions of a purely structural natwe, namely, the determina- 
tion of the ceniers of gravity of atoms in a lattice, which correspond to maxima of electron density. The use of this 
method for structural purposes is now very extensive. Further development of this method resulted from Duane's 
. work [2] in which. the application of Fourier series for the calculation of electron density was greatly simplified. 


3 


There can be no doubt about the enormous significance for contemporary science of the development-of the 


The first experimental] investigations an the distribution of electron density were carried out we Havinghurst 
[3] in 1925-1927for sodium chloride, sodium fluoride, and lithium fluoride crystals. This method was later applied 
by Wollan [4] in 1930 for magnesium oxide, and by Grimm, Brill, Hermann, and. Peters [5] in 1938-1944 for sodium | 
chicride, diamond, hexamethylenetetramine, magnesium, and aluminum, 


In the Soviet Union the first investigations on the determination of electron density were begun in 1940 by 
Preger and Zhdanov [6] who studied the nature of the chemical bond in graphite and boron hitride.. In the years 
1945-1952 systematic studies were made by Ageev, Guseva, and Ageeva [7-12] of the electroh density in aluminum, 
copper, nickel, and the compounds NiAl and Mg,Si. Finally, in 1948 Kritskaya and Rovinsky 09) obtained data for 
copper, 


Method of Determining Electron Density 


Before passing to an examination of the critical remarks that have appeared recently (1951-1952) with respect 
to my investigations, I must discuss the essentials of the method used for the determination of electron density. The 
work of determining electron density can pe divided into two parts: 1) determination of the experimental] value of 
the atomic scattering factor for X-rays (f-curve) from a study of the intensity of reflected X-rays; and 2) calcula~ + 
tion of the electron density in different directions of the crystal lattice by means of the triple Fowier series, the 
coefficients of which are values of the atomic scattering factor, 


Determination of the f-Curve. The most laborious part of the investigation is the experimental part, which 
demands a series of carefully performed experiments, the accumulation of a large amount of experimental material, é 
and very careful treatment and critical evaluation. The following two conditions must be observed so that the ex- 
perimental f-curve can be used for calculation of the electron density. First, it is necessary to make sure that in- 
dividual values of f are determined with sufficient accuracy. On this accuracy the accuracy of the electron density 
distribution curve mainly depends, This accuracy is determined by a number of experimental conditions, which are 
well known, The determination of f-curves, in its relation to experimental procedure and the effect of various fac- 
tors on the experimental] error, has been stucied by a number of authors, 


* Paper read before the Section of Physicochemical Analysis of the N. S, Kurnakov Institute of General and Inorganic 
Chemistry of the Academy of Sciences of the USSR, April 22, 1952, Moscow, 
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. In our investigations we have used the photographic method for the determinauon of X-ray intensities; we have 
used this method previously in the study of disorder-order transitions in solid solutions: and it nas been used also by a 
Aumber of authors for the determinatzon of {-curves. in the investigations of S:imm, and Peters [5] 
an onization methed was used for the measusement of intensities, In the determination of inteasities for the con- _ 
struction of f-curves, both methods, photographic and ionization, are practicaily equivalent in value. No difficulties 
have been found as yet in the sccurate mezswement of intensities by either of these methods, and the errors in 
measurement associated with these methods are sufficiently small two be neglected in view of the fact that error of 
another kind are undoubtedly of greater importance in the determination of f-curves. 


For the measwement of X-ray intensities, the choice of the form and state of the material under investigation 

us of umponance. We take finely crysta)line samples of the material, since extinction, which is difficult w take into 
account in large crystals, can be completely eliminated in sufficiently fine crystals. Extinction is almost complet'v 
absent in aluminum and other substances that have been investigaied so long as the size of the crystals is of the order 
ot 107% cm, Considerable difficulties are met in the preparation of such samples, We have used three methods for 
these preparauons: 1)films of aluminum and copper wereprepared by condensation of vapor in high vacuum; 2) nickel : 
pow der was prepared by reduction of the oxide with hydrogen; 3) powders of the compounds NiAl and Mg,Si were pre- 
pared by grinding in an agate mortar. In all cases the powders were passed through a sieve having 200 mesh per inch, 
and washed with seneees. The particles of the powder were measured in a measuring microscope; they were of the 

order of 2-6 x 10cm. Control X-ray studies of the powders after suitable thermal treatment enabled us in all cases 
to show that strains were absent and that the grain size was of the required ordez.. The preparation of a suitable sam- > 
ple is the most vital and difficult part of the problem of determining f-curves, |” 


For our X-ray studies we used samples both of flat and of cylindrical forul, Use of re flat form permits the 
absorption factor to be determined relatively simply. Cylindrical samples were used in the determination of weak 
lines of low and closely amayed values of 6; and they were not moie than: 0,2-9.3 mm in diameter, so that it was. 
Possible to take absorption into account. The X-ray photographs | were taken and developed by the usual] methods, sa 
care being taken to maintain condiuoms constant. A blackening curve wus obtained for the photographic film used, a 
and thus was used in selecting the exposure and development conditions. The conversion from relative tw absolute 


values of the atomic scattering factor was carried out by the method of substitution by a standard substance, usually 
aluminum, in a special camera. 


The calculation of the electron density will be as comylens as saaeiahy if the number of terms of the series 1s 
infinitely great. In practice it is possible to limit oneself to a finite number of terms, for experimental results ob- 
tained with a definite degree of accuracy do not permut the low amplitudes of Fowier terms of high order w be taken 
“nIo account. It is, therefore, necessary to find the sum of a number of terms of the sezies, such that the last of these 
terms comesponé to the accuracy of the only experimentally determined quantity —the atomic scamering factor. The 
value of the atomic scattering factor of aluminum can now be determined, accurate within + 0.05, The number of 
terms must be taken so that the coefficients of the last of them are equal to this error, The number of terms ob- 
ta:ned in the Fourier series will depend on the number of reflections obtained on the X-ray photograph, and this will 
depexd on the wavelength of the radiation used. For example, for aluminum the usc of FeKg radiation will enable 
64 te:ms to be obtained, the use of CuKg will give 136 terms, and the use of MoKg will give 698 terms. The 
atomic scattering factor for the last terms of the series will be 5.69 for FeKg, 5.26 for CuK,, and 0.85 for MoKg. 
tierce, even the use of hard molybderum radiation cannot lead to sufficiently low amplitudes in the last terms of 7 
the series, The error introduced into the calculation of electron density by this limitation of the number of the i 
terms in the series has been called the “finite series error". It becomes greater as the radiation used becomes softer, 
and it can intoduce considerable errors in the determination of electron density. 


Calculation of Electron Density. The experimentally obtained f-curve can be used to calculate the distribu- 
tsoc of electron density in the crystal lattice. The electron density in > the crystal is a continuous periodic function 
of the spatial coordinates, and can be regarded as a function of one or of two coordinates, leading w a one-dimen- ~— = 
sional or two-dimensional! series, i.e., to a projection of the electron-density distribution on a direction or plane in 
tne crystal lattice. Both of these cases are of limited application, since it is not always possible to choose direc tions 
in the crystal so that projections of electron density do not overlap and only atoms of one sort are projected at each 
pont. When we ueat electron density as a function of three coordinates, we obtain a three-dimensional series 


chatacterizing the spatial distribution of electron density. For the calculation of the spatial] distribution of electron 
density a triple Fourier series of the following form is used: 


> 
h 1 


3 
4 
P xyz 
— 


“te 


(h, k lare — indices varying from + 0 to —oo; a is the lattice constant; : Ana the Fourier series coefficient, 


is given by Any = =f hig in which V ts the volume of the elementary ce"; f is the atomic scaltering factor, ob- 


tained from determined f-curve). The zero term is calculated condition f fp =z (z the 
total number: ef electrons in the atom), The only difficulty in the calculation of elecuon density is the "finite series 


enor”, which, as already indicated, cannot be eliminated by experimental methods; it can be eliminated ame by 
calcwation methods, 


One of these methods consists in lengthening the experimentally found f-curve in the direction of greater 


‘values of sin @/) by the extrapolation method proposed by Froman. This method cannot be regarded as sufficiently 


reliable, since the curve is continued beyond the limits of experimentally determined values of f and cannot be 
checked experimentally; also, the lengthening of che fi-curve leads to a considerable iacrease in the number of 
Fourier terms and makes the task of summation much miore difficult. 


A second method was proposed by Grimm, Brill, Hermann, and Peters [5) under the name of the “calculation 


temperature” method; it consists in mathematica] teatment of the amplitudes of the Fourier series so that the va!zes 


of the last of them shall not-be greater than the error in the experimentally determined ammic scattering factor. 
The mathematical treatment consists in multiplication of the atomic scattering factors by a temperature factor 
which adjusts the {-curve to a definite “calculation temperature", The esor so introdwced imto the determination 
of elecron density can be determined only by calculation. Calculations of this sert have been made by Hermann 
- (5) in 1940, Kritskaya and Rovinsky [13] in 1948, and Ageev and Ageeva [8] in 1948. 


Finally, we must refer to the mixed method proposed by Kritskaya and Rovinsky in 1948 [13}, in which, on the 


one hand, the f-curve is somewhat lengthened by calculstion by Hartree's method, and, on the other hand, this 


partly experimental] and partly theoretical curve is adjusted to the calculation temperature by the method of Grimm 
and coworkers[5] This mixed method has all of the errors of the two methods that we have examined, and has mo ~~ 


advantages over them. 


Significance of. the Results Obtained. 


Among the secules derived from experimental studies of electron density, the most paunenis and importam 
are not those which merely confirm what was known before this method of investigating the chemical bond was 
used, but those which yield new, previously unknown facts, these facts include: 


1. The presence of “bridges* of c,:ectron density (homopolar bond), which unize chiorine atoms in ionic 
lattices of the sodium chloride type. 


2. The presence of “bridges* of electron density in lattices of the diamond type having directed homopolar 
bonds in the direction: of the lines joing the atoms (110 direction). 


3. The presence of “bridges” between individual molecules in the molecular-type lattices of organic com- 


pounds (hexamethylenetetramine, oxalic acid). 


4, Determination of the positions of hydrogen atoms in the latices of organic compounds (hexamethylene- 
tetramine). 


5. The presence of irregular electron distribution and.“bridges* in metal lattices (magnesium, copper, nickel). 


6. The presence of incomplete ionization in metal lattices (aluminum). 


7.: The presence of “bridges” of electron density of various intensities (characteristic of the strength of the 
bond) between various atoms of the complex lattices of metallic compounds (NiAl, Mg,Si). 


8. The presence of asymmetrical deformation of the electron envelopes of atoms in the lattice of the metallic 


compound Mg;Si. 


These facts are of undoubted interest for the development of the theory of the structure: of ee. and they 


permit a number of general inferences to be drawn. 


The crystal structures of even the most simple substances are complex with respect to the nature of the chem- 


ical bonds present, and chemical bonds of a saturated type rarely exist in crystals, An examination of the distribu- 
tion of electron density indicates the complex nature of the chemical bond in simple substances (sodium chloride, 


magnesium, copper, nickel). In no case is it possible to regard the complex chemical bond in a crystal as the simple 


sum of elementary types of chemical bonds, A knowledge of the distribution of electron density in crystals permits 
us to construct a mode] of the continuous change of the valency state of atoms in crystal lattices, 


Reply to Criticisms 


The tirst criticism of the method of determining slecuon density with the aid of Fourie: series was made b be 
Konabeexsky [14] in 1951. The essene of this criticism is as follows: 


1, "The practical necessity of prematurely terminating the series, which is a 1esult of the limited r nature and P 


skéw extunction of the X-ray diffraction spectrum, has led to the idea of introducing an artificia! factor that falls 
as the value of n increases, and this is equivalent to the introduction of an element of indefiniteness- into the posi- 
ton of diffraction spectra [7-9, 3] This will clearly distort the actual] distributon to such a grest extent 13 we 
that the method becomes of doubrful value.* 


2. “However, even if the summation could be. performed quite correctly, the result could not be regarded as 
satisfactory in itself, for, in order to draw any conclusion from it that would have physical significance, it ‘would be 


necessary by some method or other to separate the ind:vidual atoms from the distribution obtained. No theoretically 


based rules are known whereby this process could be effected." : 


On a number of occasions doubi conceming the 2lectron-density method has been expressed by Boky [15], who 
has stated: “There are yet ao direct and sufficiently accurate methods fo: the determination of electron density in 
the outer parts of molecules, although there 1s a direct and adequately accurate method for the determimation of 
the positions of atoms in molecules.* 


Finally,-in 1951 a paper by Snow [16] appeared in which a critical examination was made of six papers by me 
and my coworkers on the determination of electron density. The following points are advanced: 


1. “In view of the extremely large artificial] temperatuwe iactors used by Ageev and Ageeva, 1 is quite possi- 
ble that the electron densities of the outermost electrons are increased somewhat and, therefore, at a point midway 
between nearest neighbors, even for uuly spherically symmeuical atoms, there will appear an increase in electron 
density which may seem to be due to bridge bonds, but which will actually be caused by the summation of the over- 
lapping density distributions of the outer electrons of the spheiical atoms .... The ‘bridges’ found.may, therefore, be 
entirely due to the method of calculation used by Ageev.* . 


2. “It seems overly optimistic to place any reliance on az electron-density difference of ¢ 0.04 e /A* as being 
meaningful, or to suppose that anything very valid can be said abou the valence of metallic aluminum no matter 
how the data are mathematically treated." 


3. "“Ageev and ce-authors' choice of radiation for the work on copper, nickel and AlNi is particularly un- 
fortunate, since the dispersion corrections are large for the long-wavelength radiations used, and the uncertainties 


in these corrections are large enough easily to mask the differences in intensity of low-order ae due to the 
outer electron distribution.” 


In 1952 Konobeevsky [17] stated in a paper read at a conference on the theory of alloys: 


1, “It has been proposed that an ever-decreasing factor should be introduced into the series, which is equi- 
valent, in many cases, to the introduction of a very significant conventional temperature, This method not only 
permits one to manage with a comparatively small number‘of interferences, but also avoids caiculanon errors asso- 
ciated with the appearance of a “finite-series wave*. It is not clear, however, whether the dwindling of the factor 

.s mot accompanied by the disappearance of essential variations in the distribution that is being analyzed. It must 
be pointed out also that fine differences in electron-distribution curves, 1~ presenting various peculiarities of chem- 
ical bonds, are revealed in the form of stil] finer variations in structural amplitudes. This demands very careful 


measurement of X-ray interferences and the taking of all factors that may affect the intensity (extinction, absorp- 
tion, etc.) into consideration,” 


2. “Difficultes arise also in the interpretation of the resulting projections or cross sections of electron den- 
sity. Thus, N. V. Ageev treats the increase in density between two neighboring atoms of a metallic crystal as a 
manifestation of the presence of a special electron “bridge” corresponding tc particularly strongly directed bonds, 


This effect, however, can be treated also as the simple superposition of the electron envelopes cf two neighboring 
atoms,* 


3. “The method by which the number of free electrons in the crystal is calculated is a very doubtful one .... 
It 1 completely arbitrary, and therefore, many results obtained by its aid are, as we shall show below, incorrect,* 


' All these criticisms center around the following points: 


1. The effect of the temperature factor on the neve obtained of the electron-density distribution, inclaliall 
the “bridges*. 


4 


2. The interpretation of the*bridges of increased electron density. : 
3. The possibility of. determining the degree of ionization of atoms in mont crystals on the basis of the = 


ture of clectron-density distribution. ‘ 
= 4. The experimental conditions, and the erross thet depend on them, ee, 
{ We shall now reply to these criticisms. 
ao 1, The effect of the temperature: ‘correction on the resulting picture of electron- -density distribution was ex- 


amined by us for the case of aluminum. Ou calculations showed thai the temperature correction affected mainly 
the position of the maximum of electron density at the point corresponding w the crystal lattice point. There were 
‘no changes at al] in the electron density at points sufficiently far removed from the lattice poin” ie., lying in the 
interionic space, The only exceptions were’ values of electron density calculated without introduction of a “calcu- 
lation temperature" or by use of a low value of this temperature, when the finite series error was significant, Al- 
ready at a “calculation temperature” of 500°, there is no change in the electron -densiry distribution in the inter- 
ionic space, in which the aereed electrons that are of interest for us are to be found. 


Our calculations for aluminum, published in 1948, convinced us of the possibility of using the “calculation 
temperature” to eliminate finite series errors. In our subsequert Investigations on electron -density distnbution we 
made no detailed c2lculations to justify the calculation-temperatwe method that we used, as we ‘considered that 
the results obtained for aluminum showed that it yave rise to no doubts. Since douht has now been expressed con- 
cerning the possibility of using this method without distortion of the results on the electron-density distribution, it is 
necessary to make a more detailed examination of the effect of the calculation temperature. Let us examine the 


proofs that have been offered of the impossibility of using the calculation wagenns without distorting the calcu- 
lated electron density. 


Konobeevsky considers that the calculation temperature may obscure important distribution differences that 
are the subject of the analysis. In support of his assertion Konobeevsky refers to the work of Kritskaya and Rovinsky — 
[13], which leads w the conclusion that the “calculation temperature” introduces appreciable distortion int the 


calculated electron-density distribution. This work, however, Certains defects, which are so serious that the “ authors’ 
conclusion can be disregarded. 


in the first place, the authors come to the incorrect conclusion that agreement of experimental values of the 
atomic scattering factor with the theoreticai curve, calculated by Hartree’s method, forms a criterion of the correct- 
ness of the experimental results. Such agreement, although of interest, cannot confirm the reliabiliry and accuracy 
of results obtained experimentally. It is, therefore, unsound to lengthen the experimenta! f-curve with the aid of 
values of the atomic factor calculated theoretically by Hartree‘s method. No basis can be found for this method, 
4 nor is it possible to determine the error introduced by this method of manipulating the experimental results. This 
4 half -experimental, half-theoretical curve cannot give a que picture of the electron-density distribution. The 
theoretical Hartree curve for the atomic factor is obtained from 2 definite, given electron distribution, and ir is 
obvious that the reverse calculation of electron distribution from this curve must give the original, given picture of 
the distribution. The invalidity of this method of combining experimental and theoretical curves will be obvious 
from what we have said. The electron-density distribution obtained from a “mixed” curve of this sort must give a 


7 picture that is also mixed; it will not be in accord withaur theoretica] postulates and cannot be regafded as resulting 
a . from-experimental data: it is rather a distortion of both. 


In their interpretation of their results, Kritskaya and Rovinsiy [13] make the assumotion that in the copper 
% Crystai the atoms are in the mivalent condition. On the basis of this unfounded supposition, they make calcula- 
: tions that are inconsistent with their hypotheses and conclude that the picture has been distorted by the temperature 


E: factor, The authors, moreover, consider that they have in this way made a quantitative estimate of the distortions, 
be on the basis of which they introduce corrections. 


- Finally, the authors calculate the elecucn density to the third place of decimals, which is considerably beyond 
4 the possible accuracy of the d°icimination of the f-curve, and on this accuracy the accuracy of the electron-density 
* calculation depends. At present the f-curve can be determined for aluminum accurate within + 0,05; for copper the 


: accuracy is still less, The electron density can be determined with the same accuracy. Calculation of the electron 
density to the third place of decimals cannot, therefore, be justified. 


| F It will be seen from the above that Kritskaya and Rovinsky's results [13] must be accepted with great caution, 
‘ and their conclusions even more so, although it follows from their results that at a sufficiently large distance from 
; the center of an ion the electron density is independent, within experimental error, of the “calculation temperature*. 
4 The doubts raised by Konobeevsky [18, 14, 17] have, therefore, little basis, and they are in conflict with thé experi- : 
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mental results and the conclusions that may be drawn from them, ’ 


We pass to an e>aminazioa of the arguments advanced by Srcw [16) in support of his cpinion regarding the in- 
admusszbility of che use of the *calculation temperature*. Snow considers that the pzidges of increased electron den- 
sity iound by us can be attributed entirely to the method of calculation that we have used. In his opinion the “calcu- 
lation temperatuse™ increases the electron density at the point half way berween neighboring atoms, and, as a result > 
ef the summsuon of overlapping electron-density distribuiions of spherical atoms, it causes an apparent bridge bond. 
In support of his point of view Snow makes some simple calculations. He considers the electron-density distribution: ; 
for spherical atoms disposed at great distances apart in the iattuce. He then moves them to the disiance comespond- 
ing to the dispasizion o: the atom: that are closest together in the lattice and makes a summation of the electron 
density at individual poins, thus obta:ming values that agree with those found by us experimentally, which leads him 
to the conclusion that the bridges are the result of the method of calculation. This son of proof cannot withstand 
criticism. Snow, in using such a method of calculation, 1s asserting ~consciously or unconsciously, 1 do not know — 
‘that 1) atoms have spherical symmetry; 2) atoms remain unchanged with respect to electron-density distribution 
when they enter a crystal latuce; 3) the electron-density distribution of an atom ts inde pendent of its position in 
the lattice, 4) the electron densiry in a crystal lattice is the result of a simple summanon of the electron densities 
of the separate atoms. 


All fow assertions are incorrect. Such atoms are unknown to modern science. Modern science teaches u that 
an atm is variable, and that its. state depends on the surrounding conditions (including its position in the lamce), 
the spherical symmetry of an atom being only a particular case of its form, which depends on the medium. A 
crystal cannot be regarded as the simple sum of its atoms. It is impossible to treat a separate atom in a crystal and 
study it apart from the conditions of us excstence, just as it 15 impossible to compound the separate atoms together 
on the assumption that rhe simple tum of them comprises the crystal latnce. In actuality, atoms, in forming a 
crysta) latuce, uncergo change They interact, pass inw other states, and change thei: form. The crystal lattice is 
iormed as a resuh of the conilict between two tendencies: attraction and repulsion “between the electron envelopes 


of awms. According w the strength and nature of the interacting atoms, one or other characteristic of the chemical 
bond may be manifested. 


2. Let us pass w the questicn of the interpretation of the observed “bridges™ of increased electron density. In 
oer to obtain a correct explanation of the “bridges* of incicased electron densiry it is necessary to establish cor- 
rect principles from which w start, As already pointed out, it will be correci to regard the crystal as a single whole, 
2nd not as the simple sum of its atoms. An atom 1: a crysial must be treated as being in a state modified by surround- 
ing conditions, The nature of the interaction of atoms is determined by the result of the conflict ‘between two ten- 7 
dencies: attracuon and repulsion of electrons. 


From the point of view of these principles, the determination of electron density is a good experimemal 
method, In the application of this method it is not necessary to start from any assumptions regarding the form or 
state of the atoms, or the nature of their interaction. By measurement of the intensity of X-rays scattered by the 
crystal — and the scattering is actually produced by the electrons of the 2toms — we may determine the curve of 
elecuon-density distribution for any directions in the crystal. The resulting electron-density curve may be regar- 
ded as a curve showing the probability of finding an electron in one or other place in the crystal lattice. This 
method, therefore, does indeed treat the crystal and the electrons distributed within it as a single whole; it does not 
separate individual atoms, bul gives only the curve showing the probability of finding the electrons of atoms com- 


posing the crystal lattice; it gives a topographical picture of the electron-densiry distribution, and it reveals the 
places of increased and reduced electron density, 


Only in this way is it possible to interpret the picture obtained of the electron-density distribution: ‘it is ob- 
tained by a direct experimental method and is a picture of the actual distribution of electrons (or probability of 
finding an electron) in the crystal lattice; it exists imespective of any assumptions and hypotheses concerning the 
form and state of the atoms, etc. Hence, in‘accordance with modem ideas concerning the chemical bond, the lines 
of high electron density between the atoms (bridges) correspond to the highest binding force. Treatment of the 
places of increased electron density as the result of the simple superposition (summation) of electron densities leads - id 
to the necessity of weating the atom as unchangeable and spherical, which is contrary to modern scientific ideas. 


3. With respect w the possibility of determining the degree of ionization of an atom from 2 study of electron 
density, two objections have been made. 


Konobeevsky [17] considers that the method by which we calculated the degree of ionization of aluminum 
atoms is doubtful and arbitrary. The method that we have used is, of cowse, to some extent conditional in character, | 
Sut it has quite a sound basis, and, moreover, methods of this sort are often used in all sorts of calculations in crystal- 


= 
: 
152 
3 


4 


lograpby. Thus calculations and operations made with atomic. radii are also eonditiona] in nature, but no one would 
assert that this method & doubtful or arbitrary. The conditiona] nature of the method arises from the difficulty in 
the exact separation of the «pace occupied by iors from that occupied by conductivity electrons, The boundary be- 
tween ions and cunductivity electrons is, of course, a conventional one, as all ef our studies on the determination of — 
electron density have shown, but the error introduced into the calculation by the inaccusacy in the determination of 


this boundary has, according © ow calculaticns, no effect on the final result, It is, of course, impossible two g:ve an 


absolute significance to the resulting values. It may, Seer. be asserted that the ionization of an aluminum atom 
present in a crystal lattice is incomplete, 


- Snow [16] considers that it is overoptimistic tw treat a difference of 0.04 es in electron density as sigaifi- 
¢ant and make inferences from it. As we have shown in our work, the determination of the electron density of alum- — 
inum is accurate within + 0.05 e/A*, so that it is clear that a value of 0,04 e/A? lies beyond the limis of the ex- | 
perimental accuracy. The matter, however, is quite different in our calculation, in which we have used not indivi- 
dual determinations of electron density, but the whole curve derived from nine determinations; not one of these 
stands outside the limits 0,16-0.24 e/a’, and they give the mean value of 0.20 e/A*, There is now no reason to 
doubt this result. 


With regard to the fact that the theoretically calculated atomic factor curves tor variously ionized aluminum 
do not differ, Snow does not take into account that the theoretical curves are constructed on the basis of quite de- 
finite assumptions and cannot form a verification of the experimental f f-curves. With respect to the effect of valency 
elecuons on the f-curves, it may be pointed out that this effect increases as sir@/) falls, and gradually diminishes a> 
as the latter quantity rises, According to our results this effect is appreciable up to sin e/a * = 0,44, on for the re- 
flections 111, 002, S22, 113, 222, and not only for 111, as Snow asserts. — 


In conc lug ing this section, I must point out that the result obtained for the degree of ecbtniageesiie the alum- 
inum atom cannot be regarded as quantitative, but only as qualitative. We may, therefore, insist on the accuracy 
of ow assertion concerning the incomplete ionization of the aluminum atom in the crystal, This is how it is ex- 
pressed in our paper, and it is only in this way that the results obtained can be interpreted. 


; 4. Snow asserts [16] that we have selected unfavorable radiation requiring a large dispersion correction that 
may mask small differences in intensity. He criticizes ow correction, which was calculated theoretically by Hepple's 
method, and prefers the experimenta!ly determined correction of Brindley and Ridley, forgetting to point out that 

the corrections that have been experimentally determined by differem authors vary so much that there is no possi- 
bility of using them. . 


Konobeevsky and Mamedov's Method of Trial 


In his paper “Investigation of the Structure of Atoms in Crystals by the Method of Trial" ¥cm~beevsky [14] 
States“... it is not very expedient to attempt to find the actual radial eleetron-density distribution ‘n ar atom (both 
when free, and particularly when present in a crystal) from the direct measurement of. the diffraction spectrum, and 
Subsequently bringing it into relation with the atomic space. A more justifiable method is the method of trial, 
which consists in the theoretical construction of the function p(P), the calculation of the diffraction spectrum F(H), 
and the comparison of this with experiment. This method of trial can be recommended also because, as we shall 
see below, it permits us to investigate the function p(R) “by parts". The distribution in the atom can be expressed 
at first in a fairly general form by the introduction of some parameters, in the course of which the symmetry con- 
ditions must, of course, be applied. When we pass to the function F(H), this will be found to depend on the same 
perameters, but for the determination of these it is not necessary to know exactly the whole course of the function 
F(H); it is sufficient to use only a few points and to compare the separate. interferences." 


It will be seen from this that Konobeevsxy considers che method of trial to be the most aiid method for the 
solutiomof the problem of the structure of atoms in crystals. The method of trial, however, has been previously 
applied fairly frequently for the solution of various problems, Thus, in the determination of crystal structure one 
assumes the positions of the atoms, calculates the intensities of the X-rays that would be scattered by this structure, 
and then makes a comparison with the experimental results. But this method of trial is used when there is no direct 
method. It cannot, in any casc, be said to be more perfect, The more perfect methods are the objective, direct 
methods, such as the recent Fourier series method, which enables us to obtain an objective picture of the distribution 
and structures of atoms without any preliminary suppositions concerning the nature of this picture. The second advan- 
tage that Konobecysky attributes to the method of trial is also more in the nature of 2 defect in the method than of 
one of its merits, In all investigational work, individual measurements are never to be regarde¢ 2» more trustworthy 
than the obtaining of a series of functional results. In the second case fortuitous error in the measurement of any 
quantity can always be readily detected by the nonconformance of the value to the general series of values. When 
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single measurements are made, this sort “f contro] is absent. The investigation. “by parts” of : 3 few points . the in- 
dividual interferences is a defect the method of trial. 


The results of Konobeevsky_ and Mamedov's invesrigation of aluminum [19] are also contrary to the method of 
tnal, According to these resuits the electrons of an aluminum atom in the crystal tend to move out of the direction 

(111), and also (110), and into the dizec tion (100), Le., tend to {iil the structurally freest places (octahedral pores) 

of the face-centered lattice. The “bridges*, therefore, are directed not toward the nearest neighbor (110), but 

along (100). Our knowledge of atomic interaction tells us that interacting atoms approach one another: the stronger 

the interaction, the shorte: the distance, and the greater the electron density between them. According tw Konobeev- 

sky and Mamedov's sesults, the grearess electron density (bridge) occurs in the direction (100), whereas, as is well 

known, the shortest distance correspeuds to the direction(110). Again, the directions (100) and (111) of the aluminum 

latmce both pass through the oczahedral. pores, and it is quite incomprehensible how electrons that fill the “struc- 

turally freest places* can at the same time move from the direction (111) into the direction (100). 


Conclusion 


In conclusion it must be pointed out that the method of determining electron density for the solution of the 
question of the nature of the chemical bond is one of the direct methods for the investigation of this problem. It 
is deserving of great attention from investigators whose work is directed to the study of the nature of the chemical 
bond. 


The views recently expressed abroad (Snow) and here (Konobeevaky, Boky) with respect w the defects of the 
electron-density method are erroneous and are in conflict with the experimental dais and the aneaoes that can be 
drawn from them. 


Note. I have not discussed Boky's views because his utterances comprise only a few words expressing doubts 
concerning the electron-density method, without providing any basis for his opinion. 


Received April 27, 1953 N. S. Kumakov Institute of General and Inorganic 
Chemistry of the USSR Academy of Sciences 
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CURRENT EVENTS 


ELECTION OF ACADEMICIA NS AND CORRESPONDING MEMBERS” 
AT THE ACADEMY OF SCIENCES OF THE USSR 


At a session of the Division of Chemical Sciences of the Academy of Sciences of the USSR held on October 19 
and 20, 1953, candidates were selected for election as academicians and corresponding membess of the Academy. 


Ata general meeting of the Academy of Sciences of the USSR heid on October 23, 1953, the following were 
elected by secret ballot as academicians in chemistry: B. A. Arbuzov, V. A. Kargin, V. N. Kondratyev, LL. 
Knunyants, and lL. N. Nazarov; and the election by the Division of the following corresponding membem was con- — 
firmed: O. A. Alekin, 1. P. Alimarin,.K. A, Andrianov, Ya. 1. Gerasimov, N. M. Zhavoronkov, M. I. Kabachnik, 
V. V. Korshak, D. N. Kursanov, P. A. Moshkin, 8, P. Nikolsky, A. V. Novoselova, L. V. Petryanov-Sokolov, N. K. 
Pshenitsyn, 4. P, Terentyev, K, V. Chmutov, Chufarov, M. M. Shemyakin, and N, 1, Shuikin. 


There were 98 candidates for 23 vacancies as academicians and corresponding members in chemistry. Most 
of the candidates were registered under special subjects (26 candidates under physical chemistry and 21 candidates~ 
under chemical technology). In the preparatory work before the election it became clear thar the academician 
member of the Division had a difficult task ahead Gf them: ww select the most worthy from a large Bumber of 
candidates, 


new Academicians: - Special Subject “Organic Chemistry” 


Boris Aleksandrovich Arbuzov is one of our greates! organic chernasts, a worthy representative and continuator 
ef the remarkable tradition of the Kazan school of chemists, which 1s so successfully developing and extending the 
ideas of A. M. Butlerov. In his 25 years of scientific activity B. A. Arbuzov has worked in a number of fields of | 
omanic chemistry, of which three must be given special mention: the chemistry of the terpenes, the chemiscy of 
diene compounds, and the chemistry and structue of orgsnophosphorous and othe: organometalloid compounds. 
While making a study of turpentine and derived substances in 1930, b. A. Arbuzov carried owt extensive investiga- 
tions on the chemical reactions of terpenes, which led, after many years of persistem: work, to importam generaliza- 
tions and discoveries. His investigations on the isomerization of bicyclic terpenes into terpenes having an open link- ~ 


age, subsequently known as the B, A. Arbuzov rearrangement, were of Outstanding theoretical and practical signfi- 
cance. 


B. A. Arbuzov succeeded in establishing the structure of levopimaric acid, a substance of considerable prac- 
tical importance, and in so doing he solved a problem upon which some of the greates: chemists of the world had 
worked for more than 100 years. By brilliant application of the diene synthesis to . the proof of the structures of 
alidocimene and levopimaric acid, B. A. Arbuzov made new and valuable contributions to the understanding of the 
actual mechanism of the diene synthesis on the basis of modern electronic concepts. With the aid of the diene syn- 
thesis he has prepared a large number of new compounds having practical importance in perfumery and in the dye 
industry (for the preparation of heterocyclic compounds derived from selenophene and thiophene). 


The second, end main, direction of B. A. Arbuzov's investigations is the study of the properties, structures, 
and methods of synthesis of opganophosphorus and other organometalloid compounds, 


Applying Academician A, E. Arbuzov's-classica] method for the preparation of phosphonic acids, B. A. 
Arbuzov synthesized a number of new types of phosphonic acids, containing various heterocyclic rings, thus demon- 


strating the generality of this method and the possibiliry of its application to the most varied rypes of halogen-con- 
tai-ing organic compounds. 


Valuable results have been obtained by B. A. Arbuzov by application of the parachor method to the study of 
the structures of esters of phosphoric, phosphorus, phosphonic, dialkylphosphorus, formic, orthocarbonic, and ortho- 
silicic acids, and also of cyclic organic compounds, to which he was the first to apply the parachor method for the 
determination of fine Structure. B. A. Arbuzov obtained material of no less interest and importance by the study 


* Photographs of the new Academicians and Corresponding Members which accompany this article in the original 


Russian journal have not been reproduced in this translation because of limitations imposed by ow en pro- 
cess, Publisher, 
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of sareoiaghanne and other types of compounds with the aid of dipole moment measuremeats, which enabled . 
him to dtaw-a number of inferences with respect to thei: structure and, in particular, with respect to the disposition 
of allyl groups in space and the. possibility of the free rotation of individual groups and parts of the molec ules. 


Ivan Lyudvigovich Knunyants is one of the highest authozities on the chemistry of heterocyclic compounds; of 
particular importance are his studies of pyridine derivatives, in the course of which he worked out a number of elegant 
syntheses (pyridine analogs of Michler’s ketone and hydrol, dyes of the triphenylmethane type, etc.). In his work on 
the synthesis of carbocyanine dyes, which has found practical application, be has made valuable contributions to the 
chemistry of coloring matiers, He has done very important work on an original method for the synthesis of 5-hydroxy- 
2-pentanone, required in the manufacture of quinacrine and pamaquine. The results of this investigation are already 
being applied in industry. Knumyants’ work on the splitting of epoxides resulted in a number.of achievements, in- 
cluding the synthesis of 2-fluoroethanol, which made the syntheses of numerous omanic fluorine compounds possibl. 

A similar scission reaction with ethylene sulfide provided material for the synthesis of 2-aminoethanetniols, which 
are stattung substances for the preparation of analogs of certain antibiotics. Somewhat apart froin these stand his 
investigations on the struc tre of the antimalarial preparations plasmocid, pamaquine, and quinacrine, and the sub- 
sequeat devising of methods for the preparation of these compounds; particularly important is his so-called “chain” 
for the synthesis of pamaquine and quinacr‘ne. There can be no doukt thar I, L. Knunyants is a very high authoriry 


in this field. 


In 1946 1. L. Knumyarts was exected a corresponding member of the Academy of Sciences of the USSR. In the 
short time thet has elapsed since then he has published more than 25 original papers. Very important investigations 
deSc ribed in these include studies relating to the introduction of fluczine into organic compounds, syntheses of © 
hydro xya lky]phosphines, the Beckmann tansforration of such complex oximes as those of ionone, the tetralones, : 
and cyclic ketoies in general, and studies also of 6-caprolactam, the polymerizanon of fluoro oletins and unstable 
cyclic compounds, and the preparation of other mactomolecular compounds. His investigations on the addition of 
hydrogen sulfide and thiols wo olefins are very important: the results of these researches have great significance for 
the synthesis of many physiplogicaily and pharmacologically active substances. Apart from theorerica! investiga- 


tions |. L, Knunyants has devoted much attention io the study of theoretical organic chemistry, particularly to ques- — 
tions of structural theory. 


The third organic chemist to be elected was Ivan Nikolaevich Nazarow, whose scientific activities over the 
period 1933-1953 ave developed in the following directions. 


The firs: group of Nazarov's esearches was devoted to the study of free radicals of the aliphatic and aliphatic- 
aromatic series, namely, tne so-called metal ketyls obtained by the action of sodium on “ranched ketones such as 
hexametnylacetone and wimethylacetophenone. As a result of these investigations, which revealed the possibility of 
the existence of stable radicals containing tervalent carbon, a number of studies appeared on the iomerization of 


olefinic hydrocarbous containing tertiary radicals, which occurs owing to their elimination at comparatively low 
tem peratures. 


The second large group of investigations was devoted to the chemistry of acetylene and 1-butene-3-yne, 
Above all, we must refer to the studies of vinylethynylcarbinols, the simplest member of which is manufactured on 
the large scale by Nazarov's method andj is used for the preparation of new adhesives (Nazzrov's “Carbinol Glue*). 
Vinylethynylcarbinols have served as a basis for the opening of a new field in the chemistry of unsaturated com- 
pounds. Among very important applications of 1-buten-3-yne in the preparation of new compounds we may cite 
the synthesis of vinylisocoumarins and divinyl-ketones, and the cyclization of dienones to give substituted cyclo- 
pentenones. The last reaction has been particularly frvitful, since it has made possible the ready preparation of a 
variety of mono- and poly-cyclic compounds having a five-membered ring. 


The third group of Nazarov’s researches was devoted to the synthesis of heterocyclic compounds containing a 
piperidisie, pyran, thiopyran, or furan ring from divinyl keiones and ally] vinyl ketones. Some of these were found 
to be physiologically active, and further work le2d to the synthesis of a new sedative, promedol, wiiich is more active 
than morphine end has no toxic properties. Promedol is now prepared on the large scale as a medicinal. 


The fourth group of Nazarov's researches was devoted to the synthesis of polycyclic compounds by the use of 
1-buren-3-yne; these included compounds related to steroids, He effected the total synthesis of a number of com- 
pounds of the cis-cis series having the ring systems cf androstane, homoandrostane, estrane, and their heterocyclic 
analogs. By this means the way has been made clear for the solution of one of the main problems of modern organic 
chemistry —the chemistry of steroids. Nazarov's work in this direction made it necessary to undertake 2 number of 
theoretical investigations relating to the mechanism of the diene synthesis and its srerochemistry. Taken as a whole, 
Nazarov's work, owing to its purposeful character and its wide scope, . is a very great contribution to contemporary 
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ecial Subject “Physical Chemistry” 


Valentin Alekseevich Kargin, now elected academician, is a great physical chemist. He is the author of more 
than 120 papers on various questions in physica] and colloid chemistry. In the early years of his scientific activity 
he made an extensive investigation of colloida! systems, which led to a fundamental change in ow concepts relating 
to the nature and stability of solutions of hydrophobic colloids. In his studies, Kargin showed for the ~~ time the 
way in which chemical phenomens play a determining role in the formation and in the stzbility of sc _-ions of bydro- 
phobic colioids —a consequence of chemical change in the surface layer of the colloidal particle during reacuons 
with substances dissolved in the intermicellar liquid. These concepts were subsequently successfully applied by Kar- 
gin in the study of ion exchange in soils, in the development of a method for surengthening water-saturated sandy: 
foundations, and in the discovery of 2 sew method for the purification of colloidal solutions and precipitates from 
electrolytes with the aid of electrodialysis, These two methods are used in large-scale practice, 


During recent years Kargin's invesiigations have been mainly directed w the study of the structure and pro- 
perties of macromolecular compounds, such as cellulose, plastics, rubbers, and proteins. By his investigations of so- 
lutions of high polymers V. A. Kargin has shown that they must be regarded as systems in ther mod yanamic equilib-_ 
¥ rium, and that the dissolution of amorphous polymers should be regarded as a process bevecaacvar to the mixing of _ 


By means of structural investigations, in which immense and X-ray methods are used : in conjunction, 
Kargin has established that-cellulose and a number of its derivatives are, in spite of the views of foreign ‘investiga- 
4 _ loss, to be regarded as amorphous, Kargin and his coworkers have carried out extensive. investigations on the mechan- 
: ical and thermod~namic properties of polymess; they have s.udied relaxation processes occ urring in the deformation 
4 of polymess, developed methods for estimating the flexibility of polymer molecules, elucidated the mechanism of 
“ the deformation of crysta Lline polymers, and performed a number of aher investigations a to — chem- 
istry and polymes, 


: E _ Organic chemistry, #24 it allows us to consider the author to be one of the greatest living organic chemiss, 


In recent years Kargin has undertaken the task of constructing a theory that will permit us to synthesize poly- 
mers of predetermined properties, and he bas already obtained a number of important results, Kargin has developed 
the thermomechanical method of investigation, established the existence of three states in amorphous-liquid poly- 
mers (glassy, highly elastic, and plastic flow), discovered the relation between the form of the deformation-temipera-_ 
tare curve and the structure of the polymer and its molecula: weight, given a quantitative method far estimating the 
flexibility of polymers from their thermodynamic and mechanica] properties, established the peculiarities in the 
structure of polymer crystals (defects), and studied the mechanism of defo:mation and shown that deformation is ac- 
companied by a peculiar type of recrystallization. ‘The theory developed by Kargin is used in practice in the syn- 
thesis of new polymers having special properties. 


Another academician in physical chemistry is Viktor Nikolaevich Kondratyev, an eminent worker on chemical 
kinetics, the structure of substances, molecular spectroscopy, photochemistry, and other branches of physics and 
physical chemistry. His principal] investigations concern elementary chemical processes and the mechanism of com- 
plex chemical changes. Kondratyev is one of the founders of the modern electronic theory of molecules. in this 
connection particular mention mzy be made of his inyestigations on the dissociation of nitrogen, bromine, and salt 
vapors under the action of electrons and light quanta, and also of his studies of molecula: eat of dissociation, and 
ube mechanism of the formation of molecules from free atoms and radicals, In particuler, Kondratyev was the first 
to determine corzectly the heat of dissociation of molecular oxygen. _It should de notea vuha: already in 1924 Kon- 


dratyev applied for the first time the nethod of mass-spectroscopic analysis in the determination of th- dissociation 
products obtained from salt vapers when bombarded with electrons, 


These first researches of the period 1924-1934 already marked Kondratyev as one of those developing the appli- 
cation of modern physics to chemical problems. Kondratyev's further work was characterized to am even greater ex-" 
tent by its leaning toward chemistry. The main line of these investigations was the study of the properties of free 
radicals and the elucidation of their role in chemica) kinetics. 


V.. N. Kondratyev was the author of a very effective spectroscopic method (line-spectrym absorption method) 
for the identification and quantitative determination of free radicals, With this method he studied various properties 
of free hydroxyl and. detected the appearance of this radical in many combustion reactions; he also elucidated the im- 
portant part played by hydroxyl in these reactions, Kondratyev showed that other free radicals, apart from hydroxyl, 


were formed in many oxidation reactions, for example SO and CS radicals, and he made quanUtative studies of their 
formation and disappearance. 
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Kondratyev's further investigations leé him to infer the presence of large concentrations of atomic hydrogen 
in H- rarefied zone of the hydrogen flame To confirm this inference he developed a special methed for the deter- 
mination of trce aloms during the course of chemica! reactions, in which the he. ing etiect occurriag at a surface 
catslvzing the recombination of atoms was utilized. The sesults ob:ained by this method fully confirmed the deduc - 
tions made from the tieory. Taken as a whe.e Kondratyey's researches form the first kinetic investigation in which 
a sysiematlic study of *.. separate imiermediate substances and their reactions has led tw the derivation on a sound 
basis of the mechanism of a complex reaction and its substantiation by experiment, These studies indicate the ¢i- 
rection that must be taken by investigations into the mechanisms of other complex reactions, 


New Corresponding Membéers:. Special Subject ‘Organic Chemistry" 


Martin Izrailevich Kabachnik is a specialist on organometallic and organometalloid compounds, on hetero- 
cyclic compounds, and on theoretical organic chemistry. Although essentially a worker in synthetic organic chem- 
istry, M. i. Kabachnik has systematically directed his investigations also to the solution of practical questions in 
the neighboring fields of physiology, biochemistry, medicine, and agricultural science. The greater part of his in- 
vestigations and invemions are concerned with organic syathesis; he has discovered new chemical reactions and de- 
veloped new synthetic methods on their basis. For example, he kas proposed a method of synthesizing B -halogenated 
estezs of pnosphorus acid, 2-haloalkylpnosphonic acids and various of their dezivatives, and esters of viny!phosphonic 


.acid. These methods are based on the reaction of ai.ylene oxides with halogen compounds of tervalent phosphorus, 


which has been studied by Kabachnik. He is to be attributed also with the method of synthesizing 1-haloalkylphos- 
phonic acids on che basis of a new reaction between aldehydes or ketones and halogen compounds of tervalent pLos- 
phorus. Receutly Kebachnik has ceveloped a method for the synthesis of a -amino phosphonic esters from aldehydes, 
Cialxyl hydrogen phosphites, and ammonia, on the basis of a reaction that he has discovered. 


Apart from the development of new symzhetic methods, one of the main objects of Kabachnik's investigations 
has been the discovery of new classes of organic compounds, by <ae use of which the solution of particular theoret- 
ical or practical problems may be possible He has synthesized the first members of new classes of compounds, such 
as @-keto phosphonic esters, vinylphosphonic acids, 6 -halogenated esters of the acids derived from tervalent phos- 
phorus, 2-haloalkyl phosphonic acids and their esters and other derivatives, a -amino phosphonic acids (phosphorus 
analogs of the biologically important amino acids), dialkyl hydrogen phosphorothioites, derivatives of aminoana- 
basine, and pyracridones A number of Kabachnik's investigations are devoted to the solution of theoretical prob- 
lems of ozganic cremustry. There are, for example, his studies of the mechanisms of some organic reactions: the 
amudatioa of heterocyclic compounds ofthe pyridine type by means of alkali-meta! amides, the isomerization of 
2-haloaikyi phosphites by heat, and the reaction of aldehydes with phosphorus trichloride. 


The most important of Kabachnik‘s theoretical investigations are those relating to tautomerism. He was the 
first to develop a quantitative theory of tautomeric equilibrium 2nd to make an important generalization concerning 
the reactivities of tautomeric and nontautomeric substances of dual reactivity. On the basis of new theoretical con- 
cepts on tautomerism, Kabachnik has carried out a series of experimental investigations, both synthetic and physico- 
chemical, in which he has found confirmation of the concepts that he has developed, 


Aleksandr Petrovich Terentyev is the author of well known investigations cn the synthesis of heterocyclic com- 
pounds of the pymole and indole series, which he began in the early days of his scientific activity. A. P. Terentyev 
is a pioneer in the application of the Grignard method He has succeeded in applying the sylfonation reaction, pre- 
viously largely confined to aromatic compounds, to the main types of five-membered heterocycles (furan, pyrrole, 
indole). He has since developed the method of sulfonating acidophobic compounds, and in this way new classes have 
become available: sulfonic acids derived from diene hydrocarbons, quinones, furan derivatives, pyrrole, indole, etc. 
Terentyev and his coworkers have carried out a whole series of investigations on the chemistry of acrylonitile and 
dienes, beginning with a study of their polymerization, and finishing with various syntheses. 


A. P. Terentyey has carried out important investigations in stereochemistry. Here we must particularly men- 
tion the study of the syx -anti isomerism of oximes of heterocyclic ketones. Of special interest aie his recent papers 
on absolute asymmetric synthesis, which have great methodological importance. For a number of years Terentyev 
Ras worked on Organometallic and complex compounds, and has also discovered and developed a method for the con- 
densstzon of alcohols inpresence of magnesium. A number of internal-complex compounds of novel structure have 
been applied by Terentyev as organic analytical reagents for metals, 


Mixhail Mikhailovich Shemyakin has a great mastery of theory and experiment in organic chemistry. In re- 
cent times he has become the leading Soviet specialist in the chemistry of antibiotics. M. M. Shemyakin's book, 
“The Chemistry of Antibiotics”, already in its second edition, is well known as are the syntheses that he has 
intsoduced for synthomycin and levomycetin, the best remedies for typhus, trachoma, and dysentery: Shemyakin has 
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published a large number of original investigations on various questions of organic chemistry. His theory of the hy- | | 


drolytic scission of the C—C bond is very important: it has revealed the so-wce, nature, and mechanism of many 
widely found types of chemical seavtions. It may be emphasized that on che ‘asis of this theory Sheriyakin has 
succeeded in elucidating many important ttansformations of the antibiotics actidone, humulone, streptomycin, and 
others. In this series the explanation of the forruation of maltol from strepiomycia is particularly interesting, since 
it indicates the way in which a stuaight-chain carbohydrate can be converted into a branched-chain carbohydrate. - 
Shemyakin has succeeded in explaining from the point of view of this theory the essential features of the transamina- 
tion and a -decarboxyiationd amino acids, the B -decarboxyiation of amino dicarboxylic acids, and the breakdown of 
y~keto a -amino acids and many other reactions of a biochemical nature, 


Among cther theoretical studies by M. M. Shemyakin, mention may be made of his investigations into the 
chemistry of aldehydic acids, which completely cleared up the question of the structure of these compounds and 
made it possible for him to find a general method for the conversion of aidehydic acids into compoznds of the 
quinoline and isoquinoline series, Related to these studies are his investigations on the thermal] decompositicn of 
salts, in the first place salts of aldehydic acids, and later of carboxylic acids in general. Shemyakin's investigations 
on other carbonyl compounds are of importance, particularly those on quinones, which have now Jed to the develo p- 
ment of a genera] method for passing from a quinone and its derivatives to diketo, hydroxydiketo, and triketo car- 
boxylic acids of the alicyclic and aromatic series. 


Shemyakn's investigations on sulfamide preparations (preparation of soluble sulfamides, etc.) are of great 


practical interest, His studies of the chemistry of vitamins are also very valuable. Shemyakin has made a particu- | 


larly careful study of the tautomeric transformations in the vitamin Bg grcup, and has explained the significance of 
codecarboxylase in amino acid exchange. . 


Nikolai Ivanovich Shuikin, a student of N. D. Zelinsky, has worked on the catalytic transformations of hydro- 
carbons and other omanic ¢ compounds, Apart from his original] theoretical investigations on the dehydrogenational 
catalysis of hydrocarbons, N. I, Snuikin has carried out a number of important investigations relating to the prepara- 
tion of individual aromatic hydrocarbons of great economic importance from petroleum. <n the same field he has 
imade extensive investigations directed to the detailed study ef a.complex of questions relating to the problem of 
the refining of motor fue! by contact-catzlysis reactions, Shuikin has developed methods for the preparation of high- 


quality aviation spirit from the usua) straight gasolines and 2 valuable motor fuel from low-quality sulfurous ¢ gaso- 
lines, 


Shuikin's second important line of work concerns hydrogenationa! catalysis in the furan series, which has '*d 
to a new method {2 the synthesis ef tetrahydrofuransin presence of palladium and nickel catalysts, 


Shuikin's third line of work is concerned with the catalytic dehydration of organic compounds, namely alco- 


hols and mixtures of alcohols with amines or ammonia. He has developed methods for the catalytic synthesis of 
monva lkylanilines, 


Special Subject "Organic Chemistry and the Chemistry of Labvies Atom:" 


The scientific work of the new corresponding member Dmizry Nikolaevich Kursanov has been concerzéd with 
reaction mechanisms and the relation between chemical] structure and reactivity in organic compouriis. In recent 


years D, N. Kutsanov has extensively and successfully applied the mettod of labeled atoms in the investigciion of 
these problems, 


Kursanov's work on the dehydration of alcohols has thrown light on the course of these important reactions, It 
has been established that they proceed by a heterolytic mechanism, in which the first, determining step of the reac- 
tion is the splitting of a hydroxy! group from the alcohol, In this connection the general nature of dehydrating 
agents has been elucidated, and the mechanism of possible side processes has been determined. 


His second group of investigations include the study of a large number of reactions occuring in presence of 
aluminum chloride: the Fries rearrangement, the condensation of esters with aromatic compounds (which was dis- 
covered by Kursanov), the rearrangement of arylamides, and the new reaction, discovered by Kursanov, of ethyl 


formate, and also the ethyl esters of some other acids, with benzene, resulting in the formation of 9,10-dimethyl- 
anthracene, 


A third group of investigations is devoted to a study of quaternary ammonium compounds. Kursanov has dis- 
covered a series of new reactions and has determined their mechanisms. According to Kursanov's results, at the basis 
of the reactions of quaternary ammonium compounds lies their tendency to undergo heterolytic breakdown with for- 
mation of a carbonium ion, the electron-accepting properties of which act as the motive power in many alkylation 
and radical-exchange reactions, etc. These three groups of investigations are unified by the general object of dis- 
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covering the mechanism of heterolytic organic reactions, the part played by electron-acceptor particles, and methods 

for their formation cr activation. Kursanov has studied the comparative mobilities of hydrogen atoms ia 2,4-pentane= 

dione and its aluminum and cobalt derivatives, and also the comparative inobilities cf hydrogen atom; in various 

cyclic and bicyclic ketones. It has been shown that the mobilities of these hyd-oger atoms depend greatly on the 

 steuctures of the ketones and, in particular, on the dispositions of the carbony! groups and the character of theu con- 
jugauon with the C—H bonds of neighboring carbons, 


Another line of Kursa nov's investigations, also carried out with the aid of labeled atoms, is concerned with 
reaction méchanisms in omanic chemistry. In a study of polycondensation reactions it was proved dusectly that these 
techmecally important reactions are accompanied by transesterification at the expense of ester Jinkages. A study of 

‘the mechanism of the cyclization of dienes formed by the hydration of vinylacetyleries in presence of deuterophos- 
phoric acid gave proof of the ionic nature of these reactions, and the determination of the position of the deuteriur> 
in the molecule of the resulting cyclic ketone led to important conclusions concerning the structure of the dienes 
entering the cyclization reaction. 


A new and most brilliant discovery by D. N. Kursanov in the field of isotonic hydrogen exchange reactions is 
that saturated hydrocarbons containing a tertiary carbon atom are able to exchange all of their hydrogen atoms for . 
‘Zéuierium in the presence of deuterosulfuric acid, whereas hydrocarbons that contain no tertiary branching are quite 
unadle ro undego hydrogen exchange. On the basis of his experimental results Kursanov has concluded that the 
hydrogen ~exchange reaction in saturated hydrocarbons has a chair mechanism. 
Special § ubject "General and Inorganic Chemistry" 


s 
The work,of the new corresponding member, Aleksandr2 Vasilyevna Novoselova, has been mainly concentuated 


on the cremistry of rare elements. A. V. Novoseiova has carried out extensive investigations on beryllium. She 

has studied the interaction at high tempezatures of silicon tetrafluoride and sodium fluosilicete with berylitum 
oxude, The applicauon of thermz] analysis to the system formed by sodium and beryllium fluorides, and also an 
X-ray investigaticn of the phases formed, cnabled Novoselova tw establish the existence of the previously unknown 
compound of composition NaF - 2BeFy, of polymorphic modifications ia sodium fluorberyllate and beryllium fluoride, 
and of a new hexagonal crystalline modification of anhydrous beryllium fluoride. Novoselova has made a large num- 
ber of studies of aqueous systems containing beryllium fluoride and fluorides of other metals, Le., ternary systems. 
in practically ail of these systems new, previously undescribed compounds were discovered The results of these 
studies have helped in the explanation of leaching processes, Apart from the fluoride and its derivatives, she has 
studied other beryllium salts, in particular, the sulfates. For this purpose two temary, one quaternary, cn. one five- 
component aqueous-salt system tormed with sulfates of other metals were studied. Very valuable material was ob- 
tained in these experiments, enabling the characterization of a series of new double sulfates. She  < =1so studied 
systems characterizing the cosolubilities of beryllium chloride with other chlorides in water The results obtained 
have considerably extended out information on the complex and double compounds of beryllium, She has carried 
Out a series of investigations on the tensimetric study of beryilium sulfates and nitrates. 


For the second vacancy in this special subject, Nikolai Konstantinovich Pshenitsyn was elected. This worker 
has applied his knowledge to the developmem of an extremely complex and difficult subject: analysis of the 
platinum metals. He has carried out an investigation into the rearrangement (isomerization) of complex compounds 
of platinum, and at the same time he has studied the chemistry of iridium, obtaining a series of compounds that can 
characterize this element, namely chloronitrites and sulfito salts having extremely characteristic properties, N, K. 
Pshemsyn has investigated the hydrolysis of platinum-metal compounds and of compowds formed by platinum 
metals with oximes. In both of these investigations it is characteristic that the analytical and purely chemical (in- 


Omanic) sides are of-equal interest, for the hydrolysis process and the behavior of the oximes are found to character- 
ize the individuality of the platinum metals. 


Special Subject “Physical Chemistrv"™ 


The new corresponding member Yakov Ivanovich Gerasimov is an eminent investigator on the thermodynamics 
of metallurpical systems, Ya. 1. Gerasimov began his scientific work with an investigation of solubility relations in 
complicated salt systems and heterogeneous equilibria at high temperature, The general aim of the extensive re- 
searches of Gerasimov in this field has been the laying of a foundation for the understanding and calculation of pyro- 
metallurgical changes, and the obtaining of their exact thermedynamic characteristics {free energies of formation), 
He has carried out numerous investigations of the equilibria between hydrogen or carbon monoxide and the sulfides of 
zinc, lead, copper, nickel,"tin, bismuth, and vanadium, He has worked on the problem of liquid and solid solutions 


at high temperatures and on methods for calculating the activities of the components in binary and ternary solutions 
in a number of important systems, 
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In recent years Ya. L Gerasimov has studied the thermodynamics of the oxides of nonferrous ané rare metals, 
making a comparison of thermodyna:mic and crystallograpbic preperties. These investigations include work on the 
equilibna of magnesium, czIcium, and Manganese tungstztes, and of calcium molybdate, with hydrugen, Gerasi-— 
mov has carried cut extensive investigations on the thermodynamics of equilibrium at high temperatures for sys- 
tems that are exuemely important at the present ume. He has also made a numbei of studies in a wide vazity of 
branches of thermodynamics: thus, he has worked on the surface tension of solutions, actiy:ties in elecuolyze mix- 
tures, and the use of spectmscopic data in thermodynamic calculations, - 2. 


Igor Vasilyevich Petryanov-Sokolov ts well known as a spec:alist on the physical chemistry of ae-odLperse 
systems, He has invented new. precise methods for the quantitanve investigation of aerosols, whch permi. the de- 
termination of the size -distribution of the particles and the diszribution of electrical cha*ges on the aerosol] part - 
cles, These ucethods, which have received genera] recognition and wide application, have enabled Petryanov- 
Sokolov and his coworkers tc solve some very important questions relating to the electrical properties of aerosols: 
to elucidate the mechanism of the formation of charges and the laws of theu distribution on the part-cles of the 
seroscl, to devermine the kinetics of the dischame of aerosols in an ion‘zed atmosphere, and 10 greatly clarity me 
question of the stability of charmed aerosols, 


Petryanov-Sokolov devoted an extensive series of invesugations to the mechanism of the ‘o-matio: of 
charges on aerosol particles obtained by the dispersion of I:quids. These investigations developed inw an inde pend-. 
ent branch of the science of aerosols, devoted wo the electrical pronesties of aerodisperse systems. 


Petryanov-Sokolov obtained extremely importam results in his studies of general quesuons relating to the 
stability of omens and the mecharism of the férmation of aerodisperse sysiems by means of condensation. A- 
whole series of Petryanov -Sokolov' $ researches was devoted to questions of the precipitation and tapping of aero- 


disperse systems. Some of the methods that he has developed to counter the action of aerosols have comiderable 
practical significance, 


Konstantin Vasilyevich Chmutov is a worker on surface phenomena whose extensive. investigations cover gas 
and vapor sorpticn at solid adsorbents, the adsorption of dissolved substances, the kinetics and dynamics of serption, 
diffusion phenomena, and questions of adso: ptonal and ion-exchange chromatography. C hmutov » investigations 


are origina! in their conception and their exec ution. He is widely known as a master.of delicate physicochemi- 
ca] experimentation. 


In an early series of investigations, carried ou! by Chmutov in conjunction with his teacher, Prof. N. A. sai. 
lov, an original concept was developed concerning thé adsorption of electrolytes, regarded as an ion-exchange pro- ~ 
cess with the products of the activated adsorption, o1 chemisorption, of oxygen (surface carbon oxides). Later, 
Chmutoy showed in some careful investigations that in a number of cases inversion of absorp'iynal <equencies may 
occw in the adsc:ption of organic acids or alcohols on finely porous active charcoals as a result 2° purely spatial 
obstacles, increasing in magnitude with increase in the iength of the carbon chain. The fake <¢quilibria that arise 
in, such systems, and may last for decades, can be broken down by disturbing agents, such as ulirasonic fields. The 
concepts developed by Chmutoy relating to the dynamics of catalytic processes in the nonpoisoned and poisoned 
layers of catalysts were the first theoretical descriptions of these complicated cases of absorption that were based 
on exact experiment. Great scientific interest is presented by Chmutov's investigationsof capillary-condensation 
processes in artificial capillary systems; they are the most satisfactory of a number of investigations of this sort, 
The theoretical analysis of the results of numerous experiments on various vapors led to important conclusions con- 
ceming the interpretation of experimental] results on the capillary condensation of vapors in porous systems, Chmu- 
tov devoted much attention to the study of diffusion processes. Among these investigations, his caretul study of 
the temperature dependence of the diffusion of polymers dissolyed in monomers is of fundamentai importance, ard 
so also is his work on the diffusion and cataphoretic acceleration of the wanster of dyes in gelatin lavers, which is 
associated with the solution of problems of color photography. Among his recent work on kinetics we may men- 
ticz the quire original investigations on the mechanism of the growth of colloid particles, in which an electron- 
micioscope technique was used iu conjunction with a quite new method of “labeled particles", which permitied 
the mechanism of the coagulation process io be established. The development of the labeled-panicle method re- 
sulted in an equally original *surface-development” method, which is of general importance fo: Cn | ani- 
sotropy in the surface of various colloidal objects. 


The scientific interests of Grigory Ivanovich Chufarow are centered around the study of metalluwgical processes, 
Ali of his theoretical and practical studies relate to the same field: the kinetics and catalysis of chemical reac- 
tions and metzllurgical processes. Chufarovw lias carried out and published a series of investigations relating to the 
hydrolysis of magnesium chloride and the protection of metals from corresion by salt solutions, His researches were 
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carried Out im close association with industrial organizations, and they rendered vital assistance in the creation of 
the Soviet potash-magnesia industry. For a number of years Chufarov was occupied with a study of the process of 
etching of metals and the theory of the action of retacéants for this process, His theoretical researches on the etch- 
ing of metals and on the retarding action of additives were closely associated with the practical requirements of a 
aumber of branches of industry. Special mention must be made of the detailed investigation of the phenomenon, 
which he was the fisst to observe, of the retaidation of the dissolution of tron-silicon alloys in sulfuric acid con- . 
taining halide ions, which results from the formation of a surface protective film of lower silicon oxides on the 
metal. Chutarov has also cared out investigations concerned with the etching of metals and the wetting of their 
surtaces fer application in such operations as the galvanizing and tin-plating of iron and the cold drawing of tu- 
bing. A very important Line of his work ts concerned with the kinetics of the reduction and dissociation of metal 
oxides. In these investigations Chufarov ts developing the orig:nal studies of Academician A, A, Baikov in a cre- 

ative manner. Chufarov and his schoo] have developed an absorptional-catalysis theory of the reduction of metal 
oxides. His work on the reduction of metal oxides is widely applied in scientific institutes and manufacturing or- 
ganizations. 


Special Subject Hydrochemistry™ 


The numerous and important invcstigations of the new corresponding member Oleg Aleksandrovich A lekin 
have been entirely devoted ro hydrochemutry. The fist snvesiigations of Alekin were concerned with a compre- 
hensive hydrochemical study of the Terlets mountain lake, and othe: lal es of this district of the Altai mountain sys- 
tem and their feeders; he liter studied the lakes of the Ketum ridge. These studies formed the beginning of his 

" systematic invesugation of the lakes, and later the rivers, of the USSR. As a result of these extensive investigations, 
the three-volume monograph “The Hydsochemustry of the Rivers of ine USSR” was published. His direct study of 
the hydroc hemustry of rivers and his thorough ac quaintat.ce with all previous material on this subject enabled Ale- 
hin to solve a number of methodological and theoretical problems in hydrochemistry. Among his experimenta! hy- 
drochemical vestigations are many concerned with the determination of dissolved oxygen, hardness, oxidiza- 
bility, pH, and gold, etc., in water; he has set up « number-of hydrochemical field laboratories and stations, On 
the basis of his practical experience he has written “Guide to the Chemical Analysis of Inland Waters" and other 
Lydrochemica] handbooks of high merit. 


Special Subject “Chemical Technology" 


Kuzma Andrianovich Andr:anov has worked on the synthesis and technology of macromolecular compounds 
and dielectius. in 1937 he began to publish investigations on orvanosilicon compounds, and these resulted in a 
wide development of the chemistry of these substances, In 1938 his first papers on the mechanism of the hydrmly- 
sis and condensation of alkyitriethoxysilanes apneared: in these he first demonstrated the formation of siloxane 
bonds iz the course of the hydrolysis, leading to the formation of macromolecular organosilicon compounds, the 
polyorganosiloxanes. Andrianov showed that the size of the satwated organic radical had no effect on the chemis- 
try of the condensation process, but was of importance for the rate and degree of hydrolysis of the ethoxy! groups. 
wicn an unsaturated radical was present, however, not only the condensation reaction, but also polymerization oc - 
cwred, Owing to the presence of the double bond. These investigations were continued in studies of the polymeric 
prod.x ts derived from tichlorophenylsilane and dichlorodiphenylsilane. These various investigations form the ba- 
sis of the resins, lacquers, and insulation materials developed by Andrianov. In the treatise "Macromolecular Or- 
zanosilicon Compounds", which appeared in 1949, Andrianov examines methods of synthesizing monomers, ques- 
tzons relating to the reactions yielding polyorganosiloxanes of different types, and the physicochemical, mechani- 
cal, ard dielectric properties of various polysilexanes. in 1951 he published papers on the chemistry of polysilo- 
»anes, in which he proposed a condensationa!-polymerization mechanism for their formation, Andrianov has carried 
Out much work on the chiorination of biphenyl. The most important result of this work was the isolation of a spe- 
<ial type ot polychlorobiphenyls, a mixture of which had little tendency to crystallize. These investigations 
toz:med the basis for the development of a new hquid dielectric, Sovol, In 1932-1935 Andrianoy published a series 
of investigations on macromolecular compounds in which he studied the kinetics of the condensation of phenols 

with acrolein and othe: aldehydes im presence of acid and alkaline catalysts, : 


in his work on the preparation of soluble resins, Andrianov synthesized hexylphenol-formaldehyde (oil-solu- 
ble) and aniline-formaldehyde resins. Of exceptional importance is his work on the formation of polyvinylacetal 
resins and ‘ts use as cable insulauon ("“Vinflex”). His investigations on electrical insulation are well known, they 
are given both in papers and in separate monog:aphs. In a series of papers he examines general theoretical ques- 
tiwns relating tO imsuwaic™: ‘stability to heat, chemical reagents, and moistwe; inflammability, dielectric proper- 
ties; etc, In these he makes definice inferences concerning the future cowse of work with the object of obtaining 
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the most perfect insulators. The new insulating materials developed % by, ar under the supervision of, K. A. Andria- 
nov are now applied on 2 large scale in the electrical industry. 


Nikolai Mikhailovich Zhavoronkov is a specialist in chemical technology. Hs main researches have been 
devoted to the investigation of processes for the preparation of hydrogen and the purification of gases in the produc- . 
tion of synthetic anzmonia, and-to processes for the separation of liquid mixtures by adsorption, rectification, mole- 
cular distillation, and chemical exchange. His investigation o4 the purification of convene: gas from carbon mono - 
xide by means of ammoniacal cuprous salts has found practical application in existing works and in new projects, 


Zhavoronkov's work on the solubiliry and absorption of carbon dioxide by water is also applied in industry, and 
it is of theoretical importance, A series of Zhavcronkov's investigations is’ devoted to the study, by means of aero- 
hydrodynamics, of the scrubber process, which is one of the very important questions relating to the construction of 
absorption, rectification, and other chemical apparatus for effecting’separations. In spite of the long and extensive 
application of scrubbers in industry, the scrubbing process, and in particuls: the aerohydrodynamic conditions under 
which scrubbers work, have received little study until recently. This gap in ou knowledge has been to a great ex- 
tent filled by the work of Zhavoronkov, who was the first investigetor in the USSR to make a general systematic 
study of the aerohydrodynamics of the scrubber process. His researches have established the genera! laws relatng 
to the movement of gas in dry and sprinkled $-rubber fillings and to the hydraulic resistarice of scfubbes fillings and 
finely g:ound granular materials, thus enabling the productivity reserves of these and catalyst vessels to be deter- 
mined and an indication of methods of increasing productivity to be found. Zhavoronxov has carried out an extensive 
investigation in order to establish the physicochemica! regularities to he observed in the separation of mixtures by 
means of molecular distillation. He has developed metho?s 2nd apperatus for the scparstion of miixturcs by the method 
of high-vacuum rectification. He has devised on hichty horizontal apporetus for 2usorption, recti- 
fication and chemical-exchange processes. : 


Panteleimon Afanasyevich Moshkin is an expert in industria] organic chemistry. His first technological pro- * 
ject, the manufacture of iodine from seaweed, was based on his own experiments on the Murmansk coast. 


P. A. Moshkin has devised an interesting synthesis of pyridine compounds by the condensation of aliphatic 
aldehydes with ammonia; this synthesis is still of importance and is used for preparative purposes. His investiga- 
tions on the oxidation of paraffins tc carboxylic acids are of great importance, In the.course of these researches 
other important work was done, such as the preparation of chemically pute palmitic acid, and the study of the 
operating conditions required for catalysts used in the fat industry. Moshkin's investigations oa the separation of 
phenols from the resin obtained in the semicoking of coal are of great importance. He worked owt technical me- | 
thods for the preparation of polyhydroxybenzenes, catechol, resorcinol, and xylenels. Moshkin developed a method 
for the preparation of butanediol and a large number of other substances (about 50) from furfural. We must make 
particular mention of the decarbonylation of furfural, and his process for the continuous hydrogenation of the result- 
ing furan to tetrahydrofuran; under the conditions found the bycrogenation catalyst is act-ve for a very long time. 
Exceptional interest is presented by his work on the preparation of buty] alcohol from synthetic rubber: wastes and 
on the synthesis of excellent plasticizers or of starting materials for the preparation of plasticizers. 


Special Subject "Chemistry of Macromolecular Compounds" 


The new corresponding member Vasily V !adirnirovick Korshak works on the chemistry of macromolecular 
compounds. V. V. Korshak combines in excellent fashion the solution of problems of great theoretical importance 
with the practical application of the results obtained. Most of his researches are concerned with macromolecular 
compounds, and are mainly devoted to the study of polycondensation processes leading to the formation of various 
polymers, Korshak and his coworkers have, for example, studied the polycond<asation of dicarboxylic acids with 
diamines, glycols, and amino alcohois, and also of dichloroalkanes with aromatic hydrocarbons: he has found a 
new type of polycondensation reaction, namely, the transarylation of diarylalkanes in presence of catalysts, On 


r a the basis of the results of a large number of experimental investigations, Korshak has constructed a theory of 
yd linear polycondensation, which is in good agreement with the experimental resu!ts, explains the regularities ob- 
7" served in polycondensation processes, and enables the course of these processes to be comtrolled. As a result of 
# his study of the polycondensation of dicarboxylic acids with diamines, polyamide resins were obtained, and these 
a are soluble in organic solvents and are very promising for application as adhesives, lacquers, etc. Study of the 
. x polycondensation of dicarboxylic acids and their esters with glycols has led to the preparation of polyester resins 


having good mechanical and dielectric properties, Korshak has established the basic laws of the reactions leading 
to the formation of polyesters, and these laws are in close accord with the theory of linear polycondensation de- 
veloped on the basis of his studies of the polycondensation of dicarboxylic acids with diamines. The results of 


4 some of Korshak's studies of polymerization have enabled certain generalizations to be made conc eming the effect se 
163 


4 
A 
. 
& ‘ 
4 
4 
~ 
f 
. 
* : 


of the sizes and number of substituents on the tendency’of ulsaturated — to polymerize. 
Special Subject “Radiochemistry” 


Thé new corresponding member Boris Petrovich Nikolsky has made original scientific investigations in a 
“number of branches of physic2] chemistry. His main bo i work has been associated with the experimental] and 
theoretical study of ion exchange in heterogeneous systems. Nikolsky was the first to make extensive application 
of physicochemical methods of analysis in agricultwal] chemstry; and he initiated fyndamenta] investigations, 
which sre being successfully developed by the school of investigators that he has created, Of great importance 
us the development by Nikolsky. of complex methods ‘or the study of elec uolytes in soil extracts: the extensive 
and accurate results obtained form the basis of his theory of ina exchange in soils. By a generalization from the 
results of studies on ion exchange a general classification.of .on-e xchange phenomena into three main types was - 
evolved, and in these the cases.of exchahge by adsérptional and by chemical mechanisms appeared as limiting 
cases. For these types of exchange statistical and thermodynarhica] theories -were evolved. Nikolsky gavea 
general ecuation covering all cases of ton exchange. These investigations are of importance also from the point 
of view of the double-layer concept, which was extended to nonmetallic systems (ion-exchange systems), Great 
Scientitu interest is presented by the theory that Nikolsky developed for the glass electrode, which is based on 
Therough experimental investigations and the theory of ion exchange advanced previously. in the majority of 
these investigations Nikolsky made extensive application of radiochemical methods, & field in which he is recog- 
mzed specialist. Among other studies, his investigations on the physical chemistry of natural waters are of con- 
siderable importance: usé of more accurate (in some cases, new) methods of investigation enabled a correlation 
to be estabiished between the salt composition of natura] waters and their physicochemical properties, particularly 
the pH. 


Special Subject ‘Analvtical Chemistry* 


The investigational work of the new corresponding member Ivan Pavlovich Alumarin has taken three main 
duections: the development and improvemeat of methods for the anaiysis of minerals and ores; investigations on 
the analytical chemistry of widely diffused and :are elements, and the development and improvement of methods 
of micro and ultramucro analysis. His ea:lest work was related with the search for new methods, having greater 
speed and accuracy, for the analysis of mineral products; for example, the colorimetric determination of silicic 
acid in presence of tron, phosphorus, fluorine, etc. He carried out a number of investigations on the analytical 
chemistrv of boron and the tapid and acc wate determination of i in silic2te minerals and other mineral products. 
A numbe; of his investigations was devoted to the qualitative and quantitative determination of fluorine in 
minerals and fluxes. He perfected 2 method for the determination of constitutional water in micas and other 
minerals, ir was based cn the reaction between silicates and sodium tungstate at high temperature, Alimarin set 
up some mobue field laboratories enabling geologists to carry out qualitative and approximate quantitative aualy- 
ses Of useful minerals unde: field cenditions. Alimarin has paid special atiention to questions releting to the de- 


le: mination of elements present in uace amounss. in the solution of this important and difficult problem of analy- - 


tical chemisuy he has made extensive use of various physical and physicochemical methods of investigation, suc’. 
as spectrum and X-ray-spectrum analysis, photocolorimetry, polarography, amperometry, electron micracopy, and 
labeied atoms. Almarin has proposed a scheme far the analysis of micro quantities of minerals, slag occlusions, 

and the p:oducts of mineral synthesis in which a spectally developed apparatus and analytical procedwe is applied 


to samples of material weighing 1-20 mg. In recent years Alimarin has successfully developed methods of ultra- 
microchemustry. 


At 2 session of the Division of Chemical Sciences held on October 19, 1953, papers were read by Academic- 
ian 1. L. Xnunyants on “investigations on Mercapto Amino Acids’ and Corr. ‘Memb. Acad, Sci. USSR A. P. Terent- 
yev on “investigations on Functional Organic Analysis*. 


Ata meeting of the Division held on October 24, 1953, in connection with the termination of his period of 
otfice, Academician Mikhail Mikhailovich Dubinin was again elected as Academician-Secretary of the Division. 


At 2 general meeting cf the Academy of Sciences of the USSR held on October 26, 1953, Academician M. M. 


Dubinin was elected as member of the Presidium of the Academy of Sciences of the USSR and his election as Aca- 
demician-Secretary of the Division of Chemical Sciences of the Academy was confirmed. 
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A. E. CHICHIBABIN'S “FUNDAMENTAL PRINCIPLES OF ORGANIC CHEMISTRY”, — 


VOLUME 1 


a I. L. Knunyants 


; Soviet chemical literature includes a number of textbooks on omanic chemistry that have played impo-tant 
4 "parts in the training of specialists in this branch of chemistry. Amorig such textbooks a leading place 1s occ upied 
by A. E. Chichibabin's widely known “F unda mental Principles of Organic Chemistry", the last edition of which ap- 
ia peared in 1932 and was translated into foreign langnages. In this book intelligent choice of factual material is 

5 combined with a deep and vigorous exposition. — 


Both from the methodological and scientific points of view, A. E. Chichibabin's book 1s generally acknow- 
ledged w be one of the best in world chemical literature. it gives an exceptionally competent exposition of the 
mutua) relationships between the various classes of organic compounds, It teaches dialectics in action and devel- 
ops the chemist's mode of thought in the student. All this helps in therapid acquiring of the colessal factual ma- 
terial of organic chemistry and builds it up into a systematic, easily remembered system. 


In the twenty years that have passed, however, Chichibahin's book has in many respects become out of date. 
In recent years organic chemistry has made considerable progress, and many of the concepts developed earlier have 
Be been changed. These are concerned mainly with new reactions and transformations of hydrocarbons and aliphatic. 
+ derivatives, on the basis of which new branches of chemical industry have arisen. It is natural that the exceptional 
qualities of this textbook should make it necessary to bring oul a new edition, in which it would be necessary to 
revise and supplement it, mainly with respect to factual material and its theoretical meatment. This work has now 
ie been done by the State Chemical Literature Press, with the participation of a large group of Soviet scientists, and 
aa Volume I of the book (Acyclic Compounds) has now appeared under the editorship of Prof. P. G. Semgeev. 


In the new edition the order of exposition and a great part of the factua] material are retained. The princi- 
pal sections are supplemented by new. material that.refiects the attainments of organic chemistry in the last two 
decades, There is, for example, a treatment of recent developments in the chemistry of paraffin hydrocarbons, of 
new methods of using acetylenic hydrocarbons, and cf progress in the chemistry of macromolecular compounds, in- 
cluding natural polymers. Modern views on the mechanisms of the more important reaetions are given, and an © 
adequate account is given of the possibilities of physicochemical methods and other modern methods of organic 
chemistry, and of results of their applicstion. Some important sections have been practically rewritten, for ex- 
ample, the chemistry of carbohyérates, Many sections have been radically revised, e. g., the chemistry of amino 
acids and proteins, the polymerization of unsaturated compounds, X-ray analysis, and the Walden inversion. 


in connection with the development and successful application of electronic concepts in organic chemistry, 
a new theoretica] introduction is given containing an objective historica] review of the origins and development 
of theoretical concepts in organic chemistry. A particularly detailed exposition is given of the origin and devel- 
opment of A. M. Butlerov's theory of chemical structure. Much attention is devoted to modern views on chemi- 
i cal] structure and the mutual effects of atoms in molecules. The scientific invalidity of the concepts of resonance 
= and mesomerism are demonstrated, The additional matter in the theoretical introduction is written in full ac- 
a cord with the decisions of the conference on questions of the theory of chemical structure in organic chemistry 
held by the Division of Chemical Sciences in 1951 and with the decisions of the conference oi organic chemists 


4 held hy the Division of Chemical Sciences in 1953, In general, with the exception of some minor errors, this sec- 
2 Be tion is written well and carries the reader up to the present level of theory. Apart from the material expounded 

“4 in the theoretical introduction; there are theoretical tmeatments in the main text relating to the subjects treated 

there, 
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Crganic chemistry is a science on which many branches of industry are based, and the introduction into the 
textbook of information concerning the technological significance of particular reactions and the main methods 
of processing and utilizing organic substances must be regarded as-corsect. The book, of course, does not give an 
expesition of the technology of any particular manufacturing process, But the possibility in principle of technical 
syatheses is given adequate treatment (the chemical treatment of petroleum hydrocarbons, the preparation of syn- 
thetic rubber and othér high polymers from unsaturated compounds, the manufacture of — resins and of 
artificial and synthetic fibers, etc). 


The book is not free from defects and omissions. Amorg the main defects of the book 2 a textbook is irs 
considerable size. The increase in size results mainly from the added matesial in the intreduction, the inclu- 
sion of tables of the properties of the homologs in individual classes and of short biographies of chemists, and the 
extension of chapters on carbohydrates and proteins. These increases jn size are partially compensated for by 
the considerable shortening of the sections on the qualitative and quantitative analysis of organic compounds; 
also, the section on complex compounds has been removed. It must be pointed out also that individual reactions 
have not generally been given detailed interpretation in terms of electronic concepts, although this should have 
been done in many cases. The weakest section is that on proteins; here not only is the student presented with some 
deudtiul facts, but there are a few errors in nomenclature (haloalkyl, instead of alkyl halide, etc.). A particularly 


unsatisfactory feature for a textbook is formed by a number of misstatemens and factual errors, which, unformmate- 
ly, are rather numerous, é 


For example, on p. <22, it ws stated that in the hydration of ethylene oxide polyethyleneglycols are ae 
as intermediate products. This misstatement — “imtermediate product” instead of “by-product* — can lead 1 an 
incorrect uliderstanding of the process. On the previous page the same question is treated incomectly. On p. 76, 
an unsatisfactory example is given in illustration of pure geometric isomerism in absence of an asymmetric car- 
bon atom. On pp. 188 and 414, contradictory information is given concerning the application of tetrachloroethane. 
On. p. 335 an unsatistactory eatment i¢ given of the use of olefins. On p. 337, haloalkyl is written instead of 
alkyl halide. In the supplementary notes on p. 424, reference is made to rubberized fabrics impregnated in dry- 
ing olis, which are not manufactured. On p. 241, an incorrect formula is given for Rongahte, the sulfur being 
united to the hydroxymethyl group through an oxygen atom. On p. 337, “carrectness-s” is writeninstead of "laws". 
On p. 300; NN-dichloroamines are referred to as derivatives of nitrogen tnchloride. On p. 301, the bonds are 
incorrectly represen ted in alkylarsofuc, alkylphosphonic etc. acids. Some of the concepts introduced into the text- 
book, e. g., the coordinate link, are not provided with a satisfactory theoretical basis. In general, however, the 
work of the team of chemists on the revision and extension of Chichibabin's book is very praiseworthy. It is to be 
regretted that in the course of the last twenty years, not a single textbook has been issued that corresponds, in its 
methodological significance and theoretical] level, with the contemporary state of organic chemistry, The present 
edition of Chichibabin in the main fills this gap. The appearance of Volume I of the revised “Fundamental Prin- 
ciples of Organic Chemistry" is an important event for specialists in organic chemistry, and also for chemistry 
students, who have at last been provided with a good modern textbook, 
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LOW-TEMPERATURE MODIFICATIONS OF AMMONIUM NITRATE, 


AND ITS COOLING AND QUENCHING 


S. 1. Volfkovich, S..M. Rubinchik, and V. M. Kozhin 


In addition w the four crystalline scettiicusions of ammonium nitrate that exist at normal pressure and at 
temperatures above 0° cubic, 169-125°; Il, tetragonal, 125-84.5°; Ill, B-rhombic, 84.5-32.4*; IV, a -rhombic, 
32.4° to — 16°), there are known also one modification that exists below 0°(V, tetragonal, stable below — 16°) and 
one inodification that exists at pressures higher than 9000 kg/sq cm and temperatures above 169.2°. 


There are indications in the litesature that a transformation of ammonium nitrate occurs also in the region 
— 50° to — 65°, Hendricks and coworkers [1], who detected a small anomalous change in the specific volume at 
— 50°, point out that the X-ray diagrams for ammonium nitrate powder at — 33° and — 78° are very similar. Cren- 
shaw and Ritter [2], who studied the variation of the specific beat of NH,NO, with temperature, obtained a maxi- 
mum on the specific heat — temperature curve at — 60.4°. In an analysis of these results, Meerman [3] pointed out 
quite rightly that the curve should have had a maximum at — 16°, since there can be no doubt in the existence of 
a transition at — 16°(IV == V); but the authors concerned detected no maximum at— 16°. Meerman considers 
that there is no transition at ~ 60.4°, but only retardation of the establishment of equilibrium, which is observed 
for a number of ammonium salts at low temperatures. Jaffray [4] using the differential-thermal method, found 
the transition temperat:~. of NH,NO to be — 57° to— 60°. He noted also a transition in the region — 150° to — 160°, 
but mentioned this onl: i: passing. Volkringer and coworkers [5] have noved an anomaly in the Raman spectra of 
ammcnium nitrate between — 75° and — 192°. 


In view of the meager study thaz has been devoted to the behavior of ammonium nitrate at low tempéra- 
tures, we have investigated the transformations of this salt with the aid of differential thermal analysis, microcine- - 
matography, and X-ray analysis. Microcinematography of the polymorphic changes of ammonium nitrate was first 
carried out in the range 170-20° in 1940 by one of the authors of thie present paper, working with Glazova [6] in 
the Laboratory of Scientific and Applied Photography and Cinematography of the Academy of Sciences of the USSR. 


EXPERIMENTAL 


In the present investigation we have studied the behavior of the salt when cooled to— 196°. We have made 
use of Tsurinov and Volnova's universal cooling and heating stage in this work, the cooling agent employed being 
liquid nitrogen. The temperature was determined by means of a fine thermocouple (platinum and platinum-rhod- 
ium; d = 0.1 mm). 


A 0.001-0.002 g sample of dry ammonium nitrate was placed on a slide, covered with a cover glass, and 
carefully heated to melting. The fused ammonium nitrate was slowly cooled (1-1,5° per minute) under the micro- 
scope in polarized light (magnification 8 x 10), and the four transitions to crystalline modifications were clearly 
“perceived (Figures 1-4). : 


When the rate of cooling exceeded 2° per minute, only three transitions were observed: - 


i.e., when cooling is at more than 2° per minute the modification III is not detected, and instead of the points 
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$4.5° and 3°, the point 50° is found. This transi- 
tion was recorded on cinecolor film, a very clear 
picture being obtained 


The large polyhedra of II were converted 
‘Into a needlelike polycrystal (Fig. 5)- 
No visible changes occ wred in the polycrystal when 
. it was preserved in a desiccator for 14 days. 


. 3a order to. clarify the meaning of the pic-. 
tures obtained by microcinemat ‘ography, we took 
cocling curves. On these curves (Figures 6-9), 
which were plotted for vanous cooling rates (1.5- 
30° per minute) and for samples of 0.02-0.15 g, 
the same breaks were always obtained; they cor- 
responded to the transitions: 


GO 90 BO 100 13D 40 50 170 
Min. 
Fig 7. Cooling curve for R-p*2000 ohms; 


Rg 150 ohms; cooling rate 1.9°/min; wt. 0.15 8. 
1) Differential plot; 2) direct plot. 


We were unable to plot the cooling curve 
for a very small sample of fused ammonium nitrate 


20 30 40 5D 70 KO IW TO 
MIN. 


Fig. 6. Cooling curve for NHgNOs: 2p °900 ohms; Ry 740 
ohms; cooling rate 1.5°/min; wt. 0.02 g. 


SRBRERE 


MIN. 


Fig. 8. Cooling curve for NHgNOs: ohms; 
Ry 150 ohms; cooling rate 8.3°/min; wt. 0.03 g. 
1) Differential plot; 2) direct plot. 


(0 661-0 002 7, as we took for the microscopic investigation), in which all four transitions shold have been found. 
We carried out trials in which the sample was heated at above 125°, but below the melting point, and was then 


cooled; the transition Il—~> 


50° IV was again found (Figures 10 and 11). But we obtained a quite clear indication of 


MIN. 


curve for NHgNOs: 1000 ohms; 
g otras, -voling rate 29°/min: wt. 6.0% 3) 
rential plot, 2) direct plot. 


Rp = Rg = Resistance differential - 


the wansition II——>, IV on the cooling curves of am- 
monium nitrate ~° preheated at below 125° with 


samples of the order of 0,02-0.15 g (Figures 12 and 
13). 


The transition at 50° was studied microscopically 
by Bowen [7], who stated that the transition occurs very 
readily, both when cooling, and also when heating. Ac- 
cording to Hendricks and coworkers [1] the transformation 
can be repeated many times by heating and cooling, 
long as the sample is dry and in the form of a thin film. 
In a thick layer Modification Il] is formed after 3-4 

_ transitions, Tiemeyer [8] confirmed this transition by 
X-ray analysis. He pointed out that it is impossible to 
repeat the transition Il == IV a large number of times 
by repeated alteration of the temperature, since 
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